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l1xomination of the Ptletora influonclng tho HydrOBoololl,V of the 
Buntor flondatone ln the E08t l:lldlanda 
Suomaty 
'rhe thoei!!. whioh ie in three parte, onol.YIlGs hy<lrological 
and. aoologicol data supplied from tho reoorda of voriou8 
ora8niootiollO. 
The firet seotion diaou8seo eomo aepoeta of the analysis 
of data obtcined from pwnping toots. ~obulotea su~orie8 are 
given of tho resulta obtained by non-equllibrium and equilibrium 
mothodo for all pumping tooto onalyood ond fUll dotollo of the 
caloulntlono for the pumplng statlon at Morkham Cllnton ore 
lnol~dcd 08 examploo. 1101'0 show the distribution of meon voluel 
ot spoolfio oopaolty and opocifie 4rowdowIl ovor tho oreo. 
In seotion 2, 0 brief account ls 81ven of the 6eolo~10Ql 
feotoro ooneidered. Seven catonorlos of wells ore raoosniood, 
depending on geologlcol oonditlons. and the reo~lto of 
correlationo botween theoe footors ond tho tOrQot1on oooffioientl 
arc given for five of the categoric •• The ohiof factors which 
. lnfluonoe tranSDisnibll1ty ore tblQkno8s of the aquifer, 
thickneoo of the oonfining rocks and varlations in lithology. 
The movo inoluded indicate the areal ond vortioal variabillty 
of these foctors. Appllootion·of the rolationshipa found 10 
cede to 0 numbor of walls in order to oooi6n valueo ot 
forcotion oooffiolonto ovor reSUlar vortlcal intervala. 
A deoorlption io eiven in the lost oention of the results 
of boring Q corod borohole throuah the Bunter 5ondotone at 
Gacston, I1ott1nzh=ohh·o. ValUOD of ~orooltl, permeability, 
-----------
2 
bulk density. grain dencity, grain shape end mineral 
oompo.ition were determined and the inter-relationshios 
ot these taotors analysed and disoussed. The results ot 
wire-line geophysioal logging ot the bore hole are examined 
critically snd relationships found between porosity end 
gamma ray and neutron log results. 
3 
,-
Introduction 
With the increasing demand for water 01' good quality by 
domestic and industrial consumers in the East Midlands and 
the importance of effeotive management of water resoux'oes. 
there is 0 need for a qusntitative exemination of the faotors 
affeoting the hydrogeolosy. of: the Bunter Ssndstone, in the 
region. 
Previous- studies by the Water Department of the Geologioal 
Survey of Greet Britain (Dcwning et al.) and by D.H.Land on the 
hydrogeology of the area have tended to be mainly desoriptive. 
There is a fairly large volume of data regu'ding pumping 
-'!:-' 
tests carried out by various water outhori~ies ~n the lost ' 
30 - 40'yesrs and sub-surtaoe 'geological-recorda mode in the 
courae of exploration and exploitation of water, 0001 and oil 
resouroes. An attempt has been mode, to assemble this data.<r 
and to use: it - to- determinc the values of formation,ooefficients 
and to relate these values to the geological factors. The 
relationshipl found have been applied ,to available geological 
. . , . 
,sections throughout the area with the object of providing 0 
three-dimensional network of quantitstive information whioh 
will form the baais .for.digital computer studiss of the 
consequences of abstraction and reoharge involving the area 
os a whole cr selected unita. 
The thesis describes the methods adopted in analysing 
the data and includes some examplea 01' the results to be 
used in the computer study. 
4 
"PormatioQ Coe'tl9ient. 
The coeffioient. of tranemiooib111ty ond storage ha .. 
been toun6 by the followiDG metboaal-
(1) Prom the ,oe17.1a of pumping teat., by non-e~libriWD 
$Dd e~11ibrium methodo. 
, 
(2)'Ue1118 ,tep-4retrdown data, by equlUbrlum method •• 
(,) From 0 ~e8reaolon equatlon relating tronemiesiblUty. 
obtained by ~ non-equl1ibrlum metbodo, to yleld-4rawdown 4ats. 
(1) Pumping t.8$. bzoon-equilibrlum and equilibrium methode. 
Detail. of pum~ln8 teste oarried out by varloua Water 
Boards, breweries on6 otber privete organiaatione et 20 
locolitieo in tbe ar •• durinG tbe preoent oentury heve been 
uee6 to determine ooeffioients of tranamioaibiUty and 
.toroge. Ron. of tbese teats .aa deaigned with the o~~eot 
of oaloulot1na the ooefficlent., the main purpose having been 
to determine whether 0 .paoified quantity of water oould be 
obtained ot tbe e1te ot the teat over a prolonged period. 
In a few of tbe tea~e, observations .ere mod. in neigbbourina 
borebolee to determine tbe .fteota tbot pumping et the 
epeoltied rate might have on the supp11es to tbeee borebole •• 
The ob3eot of thle wae to ensure thot existing productlon 
.ould not be pre3udiced b7 the ex~r8 eb.traotions. Slnoe 
unreoorded obctroctlon oontluue! in the ob.ervation borebolea 
durio6 the teat., tbe reoorda of .ater 10gela made in them 
cannot be uaed tor tbe oalculation of formation coeffiolent •• 
Determination. o~e baaod on obae~vatione moae ln the pumping 
woll.. ln these ooaea. In other oaea., pum~in8 .sa carried 
out in one or two boroholee. while observatlons vore mod. In 
5 
the other boreholes ot a group. 
Time-drawdown-recovery curves have been drawn trom the 
data supplied by the organisations and used in making the 
the calculations. A summary ot the mean values ie included 
in table A.1.1, in the appendix. Tables A.1.2 (a to f) 
summarise the results, classified according to the method 
employed. 
The methods given below have been used for oaloulating 
the transmissibility. the formulae, with a short note on each; 
preoedes the tables. 
Non-equilibrium Methods. (a) Theis 1,6, (b) Jaoob's mOdif1ed2 ; 
('~)' ~hOW', (d) Oooper-Jacob's semi-log oompoaite2 , 
" . 
(e) Cooper-Jacob's log-log oomposite2 , (f) Theis' reoovery~. 
Equilibrium Methods. (a) Thiem5, oonfined aquifer, 
(b) Dupuit5, unoontined aquifer. 
Storage ooetfioient has been tound by the method of 
Oooper-Jaoob, log-log graph. 
Drawdown and Reoovery. 
(a) Drawdown. The drawdown ot the water levela in a 
pumping well in an unconfined aquifer may be divided into stages. 
A semi-log plotting of the data, given by drawdown (S) against 
log time. provides a oonvenient form for diecussion. 
Referring to the diagram, fig. 1.1, 
(1) Water taken from a well in the first few minutes of 
abstraotion oreates a preesure differential between the 
aquifer and the inside of the well. This csuses compaotion 
of the aquifer and its components, whioh initiates the flow 
or watar into 1:ho- welL. In. ~l1Confined ,o()nd,i t;~ons the 
6 
amount of water obtained inth1s way from storage ma;y be 
relatively small after the initial applied pressure. although 
in the Bunter Sandstone storage probably continues to 
represent a component of the total inflow throughout the 
drawdcwn period. During this stage of drawdown, whioh in 
most cases is of short duration, the differenoe between the 
rate of flow into the well from the aquifer and of abstraction 
is probabl;y i~oreQsing, as the qusntit;y of water released from 
storage diminishss, oonstant rate of abstraotion being assumed. 
'This stage ie represented on the diagram b;y the line 1 - 2. 
(2)' At the point 2, gravit;y drainage begins to have 
e'ffeot. Along ths curve 2 .. " the differenoe ,between the 
rates of abstraotion and inflow from gravity drainage is 
deoreasing. i.e. the rate of inflow to the well ls increas~ng 
relative to the oons~ant rate of abstraotion, since gravit;y 
drainage ls improving. 
ia olose to the well. 
The source of 8uppl;y si 'this stage 
(,) Along the strdght line between points' and 4. 
, 
the rate at whioh inflow approaohes abstraotion is constant. 
(4.) At po~nt 4., the two ratss are equal, the s;ystem 
being in a state of equilibrium, as indicated b;y the straight-
line 4. .. 5. parallel to the time axis. 
In the anal;ysis of pumping test data the only part of 
,the ourve which should be used for non-equilibrium determin-
aUons of transmisaiblit;y is 3 - 4.. 
In the pump~ng tests anal;ysed a number of the unoonfined 
examples have been plotted to show the form of curve 
disoussed above. These are listed below, with the time 
7 
from commencement of pumping to the point represented by 
point } on the diagram. 
Calverton 12 hours 
Amen Corner (Test 2 - }) ,.a It 
It 
" 
(Test 4) 24 .. 
" " (TeE!t 5) 24 " 
Chequer House Farm ,.a a 
l1'arnsfield ,.a " 
Everton 72 It 
The curves on semi-log paper for Everton, borehole No. 1. 
are given in figure A.1.}1. as an example. 
The figures above indicate that, in the Bunter Sandstone, 
a fairly lengthy pumping test is required under unconfine~ 
oonditions to attain sufficient stability to permit the 
application of non~equilibrium methods. 
(b) Recovery. In the early stages of re~overy. the 
pressure differenoe between the saturated and thedewatered 
ground in the unconfined squifer is great. If pumping is 
shut down entirely, the pressure difference is rapidly reduoed. 
but at an inoreasingly lessening rate, resulting in rapid 
rise of the water level in the pumping well. This is 
indioated by the steep port of the curve on the semi-log 
grsph of residual drawdown and log (t/t1 ) by the ourved 
line 1 - 2 - }, fig. 1.2. At point }, the rate of decrease 
of pressure differenoe beoomes oonstant and the relationship 
between drewdown and log time is shown by the straight 
line} - 4. At the origin. the differenoe 1s zero and 
equilibrium is again restored at the original or at a new 
8 
rest level. An example of this type of reoovery ourve is 
gi ven by the test at E.vertoll, fig. A.1. ,2 and A.1. ". 
Por the oonfined parts of the aquifer, sudden stoppage 
of pumping causes rapid reversal of the pressure 011 the 
aquifer, giving rise to similar results. 
In either oase, if the pumping rate is reduoed gradually, 
or in steps, until the pressures have been reduoed 
substantially, the early, steep part of the ourve is almost 
or totally eliminated. This oondit10n was aohieved in the 
teets made by the.Nottingham City Water Department at 
Markham Ol~nton, Lambley" etc. 
(2) Step-Drawdown Data. 
At l' of the 100a11ties included in the last oategory 
and at 5 other plaoes, the pumping tests at some stage 
included inoreases or decreases in pumping rats at all or 
some of which the pumping water level attain.ed an equilibrium. 
Transmissibility has been oaloulated for theae oaoea by 
equilibrium methods, as set out in table. A.1. ,. 
If yielda are'plotted against depressions at equilibrium. 
theoretically a atraight-line passing through the origin 
would be obtained. This is represented by 04 in the diagram. 
i'1g. 1." the distance (a) boing the theoretioal drawdown 
of the water level, aSSuming no head losses of any kind to 
. " .. 
be present, as if pumping were from a body of free water and 
that no friotional losses vrereprBsent. In practioe, 
deviation from the theoretioal lino takes plaoe on account of 
1. Head loss oaused by the resistanoe otfered by the 
formation to the movement of water towards the well, and 
-------------------
9 
2. Read losses caueed by resistsnce to the flow of 
water through the well screening and friction offered by the 
suction and the pump. 
losses. 
These losses are referred to as well 
In the diagram, t1g~ 1~', OB represents the curve 
obtalned sfter allowance has been made for the resistance of 
the aquifer. and OC after further allowance for the well 
losses. The three lines OAt OB and OC diverge, so that with 
inorease of yield and theoretioal drawdown. the reaistance 
to flow through the aquifer becomes greater, as water moves 
from greater distanoes to tha well, and the well losses 
increase with pump output. 
(a + b) repreaents the drawdown immediately outside the 
pumping well and (a + b + c) the actual drawdown in the well. 
The values of the yield, in g.P.ti., and depression, in 
feet, unadjusted for well losses, from tsble A.i.} are shown 
plotted in fig. 1.4. The curves numbared 1. 2, ,. 4, 5, 6, 
8, 9, 14, 19 and 21 oonform to type ourves, indioating that 
there is a regular inorease in 3quifer resistanoe with 
inoreased sbstraction, due to the gradually increasing 
distance from which water ia .drawn to the welr. 
Of the curves which do not conform to the type throughout 
the entire range of yield, some bend downwards while others 
bend upwards. In the former oategory are the curves, 11, 1}, 
17 nnd 18. This behaviour seems to indicste that 
exceptional resistance to the flow of water through the 
aquifer is experienoed. i.e. decreased permesbility, ovsr 
the relevant seotions. In the group in whioh the curve 
-------------------------------------
.10 
assumes an upward trend for all or part of its oourse are the 
ourves 7, 10. 12, 1" 15, 16 SIld 20. This may be interpreted 
as: improved permeability. In the -formal' oase, the length (b) 
_ ie greater than it would be for the type curve of uniform 
~. . --
aql,lifer oonditions SIld'in the latter oase (b) is less. 
It may be noted that in the seoond oategory, with reduoed 
permeability, there ia no representative of wells sunk into 
the oonfined aquifer, while only two wells sunk in the 
unconfined part of tbe aquifer, 7 and 1}, appeer in the third 
oategory, showing an improvement. In this oase. however, 
tbe ourve of No. 7 breaks downwards in the last step. 
The indications are that, With the limited 40ta available 
on tbis aspeot, that relative failure of a well is more likely 
to oocur in the uno on fined part~ than ~n the confined parts 
of the aqui fer. This may be explained by the different 
meohanisms by whioh watsr is obtained from the aquifer under 
the two conditions. In.the unconfined aquifer, flow is 
principally by tree drainage.whereae water is derived from 
storage in the confined aquifer, promoted by the overlying 
strata being oaused to exert pressure by the removal of 
supporting woter from the aquifer. In the latter case. a 
poeitive force is exerted to overoome friotional resistanoe 
to flow, while in the coae of the unoonfine4 oquifer. the 
forlJss are' gravity versue the resist ..ance to. flow of the 
rook materials. 
No allowances have been made for well losses. Theae 
are as likely to occur'in normal produotion os in pumping 
tests. The object is not to ottempt to determine theoretioal 
values. but the more reJ,listic figures obtainable in operation. 
I 
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Ae an example ot the result. founa, detailed ta~lation. 
ot the results ot pumping teate, calculationo and grapbs, for 
YaJ:'kbam CUnton Puaplng Station are glven 1n table., A.1., to 
" pocke' at tbe back oove .. , obon the d"awdown anel recovor7 
cums, ratee ot pumpina, &eo10&10e1 eeotlons, etc. at th1s 
pump1US station. 
(,) l\! .. arupD1,dAAUr flo!! Reslu.lon .l!;gllat1on. 
In addition to tbe pumping tests referred to abo.e for 
whicb data in Dome 4eta11 are aval1able, tbere are a numbe" 
ot placee where informatlon le oonfinod to reoorda of yie14 
end dopree.ion. In ol'doI' to mue l.lse of thie information a 
relatlonshlp baa been eOuebt betwoen value. of trAnsmisslbillty 
ana tbe averago yield 1n !o11ona por hour per toot ot 
dra1ld01tn ot equil1bdUII. Tbe valllo. of traoml.e1bll1t)' (T) 
obto1ne4 from tbe non-equilibrium method. bave been taken 
1t1th flguree obtained tor .peoif10 capaolty. g.p.h. per toot 
at oClUillbriUlll (X) fol' eaeb ot tbe 16 teets at 12 DUee, tor 
wblob both k1n4e ot data are ava11/l~le • 
. 'Rhe valueeof log T bave been plotted against 1~8 X. 
fig. '.S and a .tra1sh' line titte4 to the 4ata by lea.t 
951' C9Dt14ence 11m1 t. are shown. 'lbe "Sree810D 
eql1eUon 0~tolne4 &1 ••• 
108 T 0 ,.700S • 0.929' 109 X • •••••••••••• (1) 
'be correlation coeffioient la 0.9828. 
Tranamlee1bl1ity .alueebave beeD calculat.4 trom the 
above eqQat10D tor tboee plaoee where 1t le ap?llcable. 
Table A.1.~ ~te out tbe results. 
12 
(4) Coefficient of StoraSe. 
This was found tor a number of sites. using specifio 
draw40wn ( a ) and (r2/t) on log paper. fitted to w(u) - u 
curves. The results are given. in table A.1.2!(e). 
~) Areal Distribution of HydrolOSical Values. 
Three maps have been prepared based on the results of the 
pumping test dota. They indicate the areal distribution of 
,(a) transmissibility, fig. 1.9, (b) specific capacity, S.p.h. 
per foot, fig. 1.7 and (c) depression per 1000 g.p.h., fig. 1.8. 
The pattern is similar in each case. indicating a central 
Bone about the boundary between the unconfined and oonfined 
parts of the aquifer. 3 to 5 miles in width. having relatively 
high values of transmissibility and specifio capaoity. The 
values fall fairly regularly with distance to the east and 
west to quite low values noar Rework and Worksop. In the 
Nottingham area, the values are variable. A possible 
explanation is that the higher valuea are caused by the 
influenoe of faulting in that area. such as the Cliftcn fault. 
and a similar explanation may apply to the high value east 
of Mansf1eld. 
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Datn 
Available 
1 2 
1 2 
1 2 
1 2 
1 2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
No. 
5 
6 
9 
10 
13 
15 
19 
30 
32 
33 
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Map Index. Fig. 1,°6 
Place 
friumph Road, Nottingham 
Grant Street, Nottingham 
Malkin Hill Camp 
Boots', Daleside Rd., Nottingham 
Springfield, Bulwell 
Halam Lane Pumping Station 
Westdale Road, Carlton 
Hucknnll Road, Nottingham 
Vernon Street, Nottingham 
Colwick Estates, llottingham 
36 Syerston Airfield 
39 Saxby's Works, Nottingham 
40 Epperstone Pumping Stntion 
43 Gedling Colliery 
45 Yarkham Clinton Pumping Station 
50 Oakhnm Farm, Walesby 
55 Rufford Collier,y 
59 . Carburton 
60 Parnsfield Pumping Station 
62 Rushley Pumping Station 
66 Rufford Pumping Station 
68 
69 
70 
74 
75 
Edwinstowe Pumping Station 
Thoresby park 
Berry Hill, Mansfield 
Kelham Hills 
Budby Pumping Station 
Map Reference 
SK 
551 395 
560 402 
660 410 
586 392 
539 442 
668 535 
616 416 
566 423 
551 432 
614 399 
7}0 471 
546 425 
658 480 
611 440 
711 725 
676 711 
596 600 
594 721 
655 567 
547 577 
632 609 
619 662 
647 708 
564 594 
759 569 
604- 702 
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Map Index. FiB' 1.6 (cont'd) 
Data 
Available 
No .. 
1 
1 
2 
2 
2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
3 
} 
} 
} 
} 
} 
76 
77 
8} 
94. 
95 
99 
100 
101 
116 
118 
119 
14.0 
1402 
14.} 
14.4-
181 
184. 
1 185 
1 198 
1 2 
} 199 
3 202 
3 204 
3 219 
} 220 
} 221 
22} 
} 273 
Place 
Kneesnll 
Clipstone Pumping Station 
Rninworth Pumping Station 
Ompton Pumping Station 
Lambley Pumping Station 
Enocson' s," Beaston 
Boots', Island st' •• Nottingham 
Boots', BeestoD 
Far Baulker Pumping Station 
" Edwinetowe 
Amen Corner Pumping Station 
Long Bennington 
Clay Lane Pumping Station 
Warwick & Sons, Newark 
Dunham Bridge Pumping Station 
Worksop and Rotford Brewery 
Elkesley Pumping Station 
Everton Pumping Station 
Blyth Pumping Station 
Hampton 
"' Hodsook Bridgo 
Li tUe Morton . - ; "I·-~,'I ,. 
Albort Paper Mills, E. Hetford 
Ordsall Works, E. Rotford 
Mattersey Gardens 
Chequor House Form 
Nook Flatt Wood 
Map Reference 
SIt 
693 6}2 
60} 64.3 
587 585 
677 648 
626 4.50 
5}2 ;61 
579 395 
535 ;is} 
612 54.} 
625 664. 
64.1 655 
804. 460 
812 !)}4 
801 54.5 
821 74.} 
589 791 
6is} 759 
688 901 
624. in1 
810 780 
622 854-
676 789 
703 807 
701 800 
689 884 
64.5 816 
627 897 
19 
Mop Index. Fig.' 1'.6 (oont'd) 
Data No. ' Plaoe Map Reference 
Available SK 
1 293 Caunton Pumping Station 739 601 
1 2 306 Fish Farm Calverton 637 489 
1 3 307 Grove Pumping Station 740 803 
1 3 309 Holes Brewery. Newark 798 !;;57 
3 313 Retford Aerodrome 671 809 
3 320 Eakring 674 619 
3 322 Castle Brewery; Newark 798 540 
3 323 Midland Street, Nottingham 590 393 
2 331 Trent Brewery; Newark 798 540 
1 .. indicates details of pumping tento available 
2' atep-drawdown data available 
3yield-drawdown data available 
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,. !hel,· A99=esal1ibriua,,6e ~belc Ant.oduae4 tb. 
fton-'qu11t~rlum tO~la, 
When Q 1. in l.p.~.l g.& ••• , 
• IiI 60 11•91 f w(u)1 • ut,AB S(u). 
u '" 3'~l'a B 
• • 
• .. 41'awdown 1n t •• t 
ca .. M_b.l'p I.b ll'Av-rlol g.p.m. 
• 0 , •• neml.a1b111\7. g.p.4./tt • 
.. 0 atot.no. from ob"r9atloD •• 11 to VUI'ADinS GOl1. tt. 
, .. UN a'h. PlUIt11'l8 ,t.rt.a, a&78 
S 0 ooeffioient ot otor.a. 
!be Vvo cuaova U(u) (!Dil U tor t~e non.l.Q7 e<r.tU· ••• 
fta_ A.1.,., .n4 the ol)ao!'Q4 (lata of t1me ac4 4nwtlown aft 
cAtch'a. ana *>r the match-volot aaleotd, V(u), Ut • BQil t 
eN eub.Utute4 in the .bove '/l'.lotl0Q8 to o\)tll1o T enlS S. 
A tU.e"Dc • ..a.r.~down ollne _, be u.et. iD 91cce ot ~ 
ttlN-an_oen CUI'YO. 
2. i'gOb Q~OA~POr:J'9ob COtbtd,2, ~be .... o _,.-lgbt 
line QI'&tlMed .otbo;i. tot' t1D41no ! on4 El 10 ... bn ami 
fton-confiftod '\lulhra tOll' a un.nle 4iagh0l'8ina .. U 0' • 
eteo", 1'&t. of 11lacbGq. ao4 to .. Oll. ot> "'1" cell. 4laoba$'sina 
lntona1UenUy 01' at cbllll31ns Z'Clh.. !2he Coog ..... 3.oob 
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method mey be used on a log-log basis. 
The Thels' non-equl1lbrium formula of 
11 • (~) _ W(u) 
47\ T 
.. 
Q (-0.5772 - loSe U + U - u2/2.2! + u 3/3.3! ••••• ) 
where u .. 
~ = dlstance from the dlscharging well 
t .. tlme elapsed slnoe the start of dlscharge 
T = tranami881bll1ty 
Q .. discharge from well 
S .. ooefflclent of etorage 
2 
When ( £ .. J .18 small compared with 
t 
( ~ ). u ·1s small and the 
S 
terme after the second. ln the above equatlon for s may be 
"., 
negleo~ed·. 
When u ls <. 0.02," 
e .. ( Q .) lo.ge (2.25 Tt/r2S) 
47tT" 
Three klnds of stralght line graphs may be obtalned:-
(1) Tlme-drawdown, where Q and r are oonstant and s le 
plotted agsinst log"t; 
• (2) Distanae~draVdown, whsre Q end t are oonstant and s is 
plotted agalnst r. 
(3) Composite drawdown graph where (s/Q) is plotted against 
log (r2/t). 
Table A.1.2.{b) gives T oalculated frcm the type (1) 
graph, and table A.1.2.{d) gives T obtained from type (3). 
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~. Theis' Recoxe£l Kethod~. This bas similarities to 
Ja~ob'B modified no~-equ11ibrium metbod. 
plotted against log (tIt·), where 
Drawdown (s) is 
. . , 
t = time since pumping started 
t. t =.time since pumping stopped, i.e. when roooverg 
. . 
started 
T '" '264Q 
- s 
.. 
log ( ~ ) 
t 
Taken over 1 log oyo1e, 
-As' 
Chow' 8 Method'. Tbis uses tbe Theis non-equilibrium 
equation, 
T '" 114.6 z Q 
s 
W{u) 
Drawdown i8 plotted against log time in days sinoe 
pumping started. At a point on the straight line, the 
drawdown (s) in feet is determined, and the drawdown over 
one log oyole, ~b. found. 
p(u) = s 
~ 
Using this value of F{u), the values of W{u) and u 
are obtained from the graph, fig. A.1.,S 
S. 
Then. T.. 11406Q • W{u) 
s 
s '" 
Equil1brium Formulae!). 
steady flow, 
T '" 2., x 24-
21t .k 
where .k '" 1. ' -
log ~ 
I' 
Por confined oonditions, with 
g.p.d./ft .. 
27 
r = well radius in inohes 
D = th1cknoss of aquifer, ft. 
. . 'I 
d = depth of water in pumping well, ft. 
R = distanoe from pumping well to point where 
drawdown is zero. 
k for various values of r and Rare g1venby TOlman5, 
In unoonfined conditioDS, 
T = 2.3 z 24 
k 
z d g.p.d./ft. 
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APPENDIX (1) 
TABLEA.1.1 
Mean Values of Transmissibility by non-equilibrium methods 
for each pumping test site, 
Place 
Ompton P.B. 
Markham Clinton P.B. 
Halam P.S. 
Rufford P.S. 
Lambloy P. s. 
Elkesley P.S. 
Grovo P. s. 
Everton P. S. 
Farnsfield P.S. 
Caunton P.S. 
Far Baulkor P. B. 
Clay Lane P. S. 
Epperstone p. B. 
Amen Corner P.S. 
Long Bsnnington 
Durham Eridge P. S. 
Chequer Houae Farm 
Blyth P. s. 
Holes' Brewery 
Calverton Fish Farm 
No. Map 
Reference 
94 677 648 
45 711 725 
15 668 535 
66 632 609 
95 625 450 
184 663 759 
307 740 803 
185 688 901 
53 655 567 
293 789 601 
116 612 54.3 
142 812 534 
40 658 480 
119 641 655 
140 804 460 
144 821 743 
223 645 816 
198 624 871 
309 798 537 
306 637 488 
. Transmiesibility 
(S.p.d./ft.) 
55 908 
35 915 
29 792' 
34 033 
30 895 
53 049 
33 273 
54 288 
89 669 
18 474 
16 800 
3 639 
26761 
110 872 
2 229 
4 231 
12 025 
2 794 
583 
61 997 
" 
· -~. 
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TABLE 2 
Caloulations of Transmissibilitv 
(a) Theis non-equilibrium method; 
Place 
(1) 
Ompton P. S. 
D. n 
D n 
D n 
Markhsm Clinton 
P. S. 
n n a 
0 n ft 
.. tI. n 
tI 
" 
0 
ft ,ft a 
Halsm P.S. 
a n 
n n 
n a 
a a 
" 
Rufford·P.S. 
n n 
n n 
11 D - Drawdown 
D.H.No. 
( 2) 
2 
2 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
3 
1 
2 
3 
1,750 
1 750 
1 750 
1 750 
2 783 
2 783 
2 783 
2 783 
2 783 
2 783 
2 833 
2 833 
2 833 
2 833 
2 833 
1 700 
1 700 
1 700 
R - Reoovery 
T c 114.6 x g.p.m. x W(u) 
s' 
W(u) s(ft.-) T· 
g.p •. a.; 
.ft. 
(6) 
17 55.0 61 988 
, 
D 0: 
R 
IX 
(7) 
D 
18 65.0 55 537 D 
2.85 ,10.,25 55,763 R 
4.0 16.0 50 137 R 
3.6 32.25 35 601 D 
4.2 38.5 34 792 D 
12.0 120.25 31 827 D 
108 17.75 32 342 R 
3.9 33.25 37 408 R 
3~6 31025 36 741 R 
8~75 107.5 126 426 D 
6.1 65;,5 30·387 D 
13 129.25 32 655 D 
0.9 11 ;,0 26 563 R 
0.38 4.5 27 416 R 
18.5 101.5 :35 509 D 
11 57 •. 5 37 270 D 
18 84.5 41 500 D 
'1'; TIle1s 
Place! 
(1) 
Larnbley P. S. 
Elkes1ey P. s. 
Grove p.S.(Test 2) 
Everton F.S. 
P~rnst'1eld p.a. 
Caunton P.O. 
Par Bnulker P.S. 
Clay Lone P.S. 
Bppci'atone p.S. 
* D - Drawdown 
30 
D.B.flo. S.p.m. w~u) 
1 1 400 17 
3 1 400 16 
1 1400 19.0 
3 1400 6 
6 678., ,.7 
7 660 3.5 
1 2 530 13 
2 2 530 13 
l. 2 530 2.6 
2 2 530 1.2 
4 2 530 4.4 
1 2 451.6 3 
2 2 451.6 20 
4' 715 3.7 
2 005 14 
1 428 20 
o '1' 
(ft.) a.p.d! 
tt. 
(5) (6) 
96.0 28410 
93.5 27455 
101.5 31. 298 
27.5 35 004 
7.0 41 532 
3.9 67.878 
113.0 .33 356 
U,.o 33 356 
20.0 37692 
10.0 34 793 
41.0 31 115 
16.15 52 191 
99.2 56644 
5.41 56 040 
37.59 88 991 
213.74 15 314 
1 010 12.8 100.0 14 815 
(Pt.1-8) 333.' 19.5 198.5 .3 753 
(Pt.9-13) 333.3 20 219.0 3 488 
2 ,.,~ ~ !l7 000.0 • 5,,2- 24 -977 
R- Recovery 
D or 
R 
'" 
D 
D 
R 
R 
B 
R 
D 
D 
B 
R 
R 
D 
D 
B 
D 
D 
R 
D 
D 
.R 
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Table 2 (cont'd) 
~ T; Theis 
Place B.B.No. g.p.m. w(u) a T D or (ft.) g.P.d/ 
ft. 
(1) (2) (3) (4) (5) (6) (7) 
Amen Corner (Teat 1) 1 1 400 18 26.2 110 226 D 
P.S. 
1 1 342.7 l6 23.l7 lO6 254 R 
Amen Corner (Teat 2-3) 1 2 083.3 l7 23.0 l76 467 D p.s. (lo-l7) 
3 1 416.6 (1 -9) 8.4 7.3 19l 118 D 
3 2 083.3 (lo-l7) 7.5 9.6 l86 523 
D 
2 631 11.5 4.69 l77 219 R 
3 63l II 4.25 l87 l62 R 
Amen Corner(Teat 4) 1 2 lOO l4 18.9 l78 267 D 
2 2 100 6.3 8.0 l89 520 D 
Amen Corner (Teat 5) 1 2 083.3 5.8 5.7 242 938 D 
Long Benn1ngton (Stage 1) 180.5 l.2 12.0 2 069 R 
(Stage 2) 222.2 0.42 7.5 1 426 R 
Dunham Bridge P.S. 475 20 214.83 5 068 D 
Chequer House Farm l79.l 20 32.32 l2701 D 
Blyth P.S~ 875 1.2 3.8 3 l67 D 
Holes' Brewery 200 3.l l05.3 675 R 
Calverton F1sh Farm 350 19 11.25 67 732 n· 
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Table 2 (Cont'd) 
Calculations of Transmissibility 
(b) Jacob~ modified non-equilibrium method. T c 4.398 x g.p.h. 
@ for 1 log oycle 
Place. B.H.No. g.p.h~ B T D or 
R 
(1) (2) (3) (4) (5) (6 ) 
Ompton P. S. 2 105 000 7.6 60 759 D 
3 105 000 8.4 54 975 D 
2 105 000 8.25 55 974 R 
3 105 000 8.85 52 180 R 
Markham Clinton. 1 167 000 23.25 31 590 D 
P.S. 
2 167 000 21.0 34 975 D 
3 167 000 22.8 32 ;;!13 D 
·1 167 000 19.0 38656 R 
2 167 000 19.0 38 130 R 
3 167 000 18.75 39 171 R 
Halam P.S. 1 170 000 26.0 28 756 D 
2 170 000 24.5 30 517 D 
3 170 000 27.0 27691 D 
1 170 000 24.0 31 152 R 
3 170 000 22.8 32 792 R 
Rufford P~S. 1 102 000 14',3 31 370 D 
2 102 000 14',4 31 152 D 
3 102 000 14.5 30 938 D 
Lambley P.S. 1 84 000 12.0 30 800 D 
3 84 000 12.25 30 157 D 
1 84 000 li., 31 575 R 
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Table 2 (cont'd) 
Gb)· Jacob 
-
Place B.H.No. g~p~h~ s T Dol'" 
R 
(1) (2) (3) (4) (5) (6) 
Elkesley P.B. 6 40 700 ·4.12 43 413 R 
7 39 600 2.7 64 533 R 
Grove P.B~(Test 2) 1 151 800 20~35 32 822 D 
2 151 800 21.9 30 499 D 
1 151 800 18~0 37 107 R 
2 151 800 18.0 37 107 R 
4 151 800 21~0 . 31 806 R 
Everton.P.B. 1 147 100 12~0 53 937 D 
2 147 100 12.3 52 621 D 
3 42 900 . 3~3 57 200 R 
4 42 900 3.5 53 931 R 
Farnsf1e1d P.B. 125 125 6a 90 213 D 
Caunton P. s. 85685 16.75 22 508 D 
Clay Lane .P. B. 20 000 23 :3 826 D 
Epperatone P~ S •. 2 40 000 6.2 28 387 R 
Amen Corner P.B. 1 84 000 3~2 115 555 D 
(Test 1) 80 000 3.3 106 667 R 
Amen Corner P.S. 1 85 000 2.05 182 439 D 
(Test 2-3) (1 - 9) 
1 125 000 3.0 183 333 D (10-17) 
85 000 2 2.0 187 000 D 
(1 - 6) 
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Table 2 (cent 'd) 
(b) Jaceb 
Plaoe B.H.No. " g.p.h. e T D or 
R 
(I) (2) (3) (4) (5) (6) 
Amen Corner P.S. 2 
~Test 2-3) 
oent'd) (1l-16) 125 000 2.55 215 686 D 
2 37920 0.9 185 387 R (17-21) 
3 (1 - 9) 85 000 2.0 187 000 D 
3 (1Q-17) 125 000 2.97 185 185 D 
Amen Corner P.S. 1 126 000 3.0 184 800 D (Test 4) 
126 2 000 3.0 184 800 D 
3 126 000 3.0 184 800 D 
Amen Corner P. S. 1 125 000 2.3 239 130 D (Test 5) 
2 125"000 2.35 234 042 D 
3 125 000 2.35 234 042 D 
Long Bennington (stage 1) 10 833 14.9 3 199 R 
( " 2) 13 333 30.5 1 923 R 
Dunham Br1dge P.S • 28 500 26.8 4679 D 
. 
Chequer House FruMn 10 750 4.4 10 745" D 
Blyth P.S. 5 250 8.4 2 750 D 
Holes' Brewery 12 000 85·5 617 R 
Calverton Fish Farm 21 000 1.49 62 013 D 
MlfI,2 
colspl.up of !bn.'g.lbQ1Sg 
(c) JChol[a OVncogu1UbrtM .tbod. '1' e U!l~ 11 a.Rsl!e A lBl1l 
h 
7(u) I:t is 
-
• '<I ••• 
Place ~.R.Ho. h Ab 'tu) g.P ••• W(a) '1' Dot> (ft.) (ft.) 
" 
S.p.d./tt. R 
(1) (2-) (,)' (4)' (,) (6). , (7~ ; (e): (9) 
1 
c.:> 
QIlpitea i'.b. 2 ".5 6.9 8.62 1 ·750 18 6061:. D 01 
, 60.2 8.6 7. OS 1 750 16 53 ·126 J) 
2 6.6 7.S5 0.87 1 750 1.6 ~'9S »I 
, 7.6 6.0 0.95 .11S0 1.9 ,r.s 137 •• 
ilarJ:baa Cl.lnton v.S. 1 61 19., ,.16 2 78, 7 36," 1) 
2 120.1 19.1 6.3" .2 783 14.5 3e 50S D 
, 127.7 18.SS 6.87 2 78, 15 37462 D 
). 27 17.0 1.59 2 783 ,.25 3& 3SJO B 
2 as.a 18.65 1.38 2 78, 2.8 ~6lJ 8 
, 2;'9 16.0 1.38 2 783 2.8 3,863 • 
Table 2 (cont'd) 
J~; ChOW 
Place B.H.No. h Ah F(u) g.p.m. W(u) T D or (ft.) (ft.) g.p.d.!ft. R 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
Halam P.S. 1 124 26.0 4.76 2 833 10 26 182 D 
2 59 24.2 2.44 2 833 5.3 29 168 D 
3 131.75 30.5 4.31 2 833 9.8 24 142 D 
33 586 
Co> 
1 29 20.5 1.42 2 833 3.0 R 0> 
3 31 20.75 1.49 2 833 3.1 32 466 R 
Rlllfford P.S. 1 102 13.0 7.82 1 700 17.5 33 425 D 
2 58.6 ' 12.9 4.54 1;i1700 10 33 246 D 
3 88.6 13.8 6.4 1 700 14.5 31 884 D 
Lrunbley P.S. 1 101 10.8 9.35 1 400 190 30 186 D 
3 100.6 11.1 9.55 1 400 195 31 099 D 
1 96.4 10.9 8.85 1 400 19 31 589 R 
3 24.1 11.6 2.08 1 400 4.7 31 285 R 
Table 2 (cont'd) 
T' 
-' 
Chow 
-
Place B.H.No. h Ah F(u) g.p.m. w(u) T D or (ft.) (ft.) . g.p.d./ft. R 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
.Elk:esley P.S. 6 5.8 4.0 1.45 678.3 3.0 40 209 R 
7 2.92 2.52 1.16 660 2.4 62 166 R 
Grc)Ve P.S. (Test 2) 1 133.5 20.0 6.67 2 530 15 32 577 D c:.> 
... 
2 135.5 22.0 ·6.13 2 530 14.5 31 026 D 
1 28.4 16.8 1.69 2 530 3.7 37 774 R 
2 30.8 17.2 1.79 2 530 3.85 36320 R 
4 39.2 19.1 2.05 2 530 4.4 32 544 R 
Everton P.S. 1. 15 1.2.0 1.25 2 451.6 2.61 53 937 D 
2 96 10.1 9.5 2 451.6 19 55607 D 
3 5.7 3.3 1.72 715 3.8 54626 R 
4 4.95 3.12 1.59 715 3.2 52 970 R 
FSll'nsf1el.d P. S. 39.9 5.9 6.78 2 085 15 89 802 D 
Tlabl!i! 2 (cont'!'!l 
:T: Chow 
Place B.H.No. h Llh :El (u) g.p.m .. W(u) 'T ' D or 
(ft. ) (ft. ) g.p.d./ft. a 
(1) (2) (3) (4) (5) (6) ·(7) ( 8) (9) 
...... i 
Ca~lllton P.s. 214 16.5 13 1 428 22 16 826 D 
Fe.:z' Baulker P. s. 99 15.0 6.6 1 010 14.5 16 953 R 
Clli.Y Lane P. S. (pt.1-8) 182.5 24.0 7.61 333.3 16.5 3 454 D c:.> 00 
(pt.9-13) 204 22~5 9.05 333.3 19 3 558 D 
EpJ?erstone P.S. 2 6.4 6.4 1.0 666.6' 2.1 25069 R 
Alnlan Corner P.S. 1 25.92 3.2 8.1 1 400 17 105 227 D (Test 1) 
1 25 2.6 9.61 1 342.7 19 116 868 'R 
(Test 2-3) (pt .1:'19) 4.6 1.93 2.38 ' 1 416.6 5,3 187 055 D 
(pt.lQ-17) 22~35 3.25 6.88 2 083.3 17 181 597 D 
(Test 4) 1 19.2 2.8 6.85 2 100 15 188 016 D 
!", 2 7.95 2.8 2.85 2 100 6.2 187672 D 
(Teat 5) 1 5.45 2.3 2.37 2 083.3 5.2 227 798 D 
I 
Table 2 (cont'd) 
.T; Chow 
-
Place B.H~No~ h Oh F(u) g.p.m~ W(u) T Dor 
(ft~) (ft,) g.p.d./ft. R 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
LOllg Bennington 7.5 14.25 0 .• 53 180.5 0.85 2 345 R 
. , ~stage 1) , 
, ., Stage 2) 26.5 31.0 0.85 222.2 1.8 1 772 R 
Co> 
<a 
DtUlham Br idge P. S • 216.5 26.5 8.18, 475 18.5 4651 D 
Chl9quer House Farm 30.4'" 4.3 7.07 179.1 16 10 802 D 
B1;rth P.S. 8.1 8.5 0.95 875 1.9 2 352 D 
Holes' Brewery 43 71.3 0.61 200 1.2 640 R 
Ca1vert~ Fish Farm 10.62 1.48 7.2 350 16 60428 D 
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.Table 2 (oont td) 
Caloulations of TransmlsSibiljtx 
(d) Co oper-Jao ob , non-equilibrium method, semi-log. 
T = 2,30} x 374 x 60 x 24 
4 x Ah 
c ~8Z~,k8 
L1h 
-
Plaoe B.H. No. lIh T D. or R 
'1) 
-
(2) (ft.) '( ;) B.p.d./rt.· . (4) .:.J5.) 
Ompton P.S. 2 1.55 §:3 712 D 
3 1.6 61 848 D 
2 1.76 56 112 R 
3. 1.87 52 815 R 
Markham Cl1nton P.S. 1 2.6 37 983 D 
2 2.67 36 987 D 
3 2.6 37 982 D 
1 2.6 37 982 R 
2 2.47 39 982 R 
3 2.47 39 982 R 
Halam P.S. 1 3.4 29 046 D 
2 3.1 31 857 D 
3 3.1 31 857 D 
1 3.0 32 919 R 
3 3.05 32 379 R 
Lambley P.S. 1 2.95 33 477 D 
3 2 •. 93 33 705 D 
1 3.1 31 857 R 
3 3.07 32 168 R 
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Nb ? 19W ·s)} 
(4) f109P'f=JM9J2 
= 
-
m.ace !l.r~.tio. 8b 'l' Dcwn (ft.) s.p.a./ft 
(1) (2) (3) 'Jt~ ,.,~....,-.i.l)...,::: __ 
n).keele~ 0.0. 6 2., t,a 9,8 R 
7 1.6 61 72' B 
01'OYev.n. 1 '.5 26 216 D 
2 ,.8 25966 D 
1 ·,.la .31 05!1 R 
a 2.7' ~ 174 B 
13Vol'ton, p.a. 1 1.9 51 977 D 
2 (vt.l-6) 1.8 54 865 
El 
:2 (Pt.7-17) 1.8 54 tl6, /) 
4 1.8 54 865 n 
[jaunton P.O. 4.,l 22 913 D 
11al' Baulker P.o. ,., lE) 6" B 
Clq ~ V.D.' e (lilt.1-8) 29.0 '·~5 n 
:2 (R.g.l,) 24.75 '·990 
Wpe1"atane v.e. 2 '.5 a8 a1G Et 
Amen Comet" 0. Q. 1 0.8 1n, lI46 D (Zeilt 1) 
0.62 1 120435 u 
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Ioole 2 (COAt I d) 
(d) Cooper-Jaoob 
Place B.H.No. Ilh T DorR 
(ft.) ~.p.,d./ft • 
(1) (2) (3) (4) (5) 
Amen Corner P.S. 1 0.54 182 882 D (Teat :2 - 3) (pt~l - 9) 
1 
(Pt.1Q-17) 0.62 159 285 D 
2 0.53 186 333 D (Pt.l - 6) 
2 0.54 182 882 D 
(pt.9 -16) 
2 0.54 182 571 R (pt.11-21) 
3 (pt.l ... 9) 0.54 182 882 D 
3 (pt.1Q-17) 0.54 182 882 D 
2 0.54 182 882 R 
Amen Corner P.S. 1 0.53 186 333 D (Teat 4) 
2 ' 0.53 186 333 D 
3 0.53 186 333 D 
Amen CornerP.S. (Test, 5) , 1 ,0.43 229 666 D 
2 .,O~42 235 134 D 
3 0.41 240 869 D 
. 
Long Benn1ngton (Stage 1) 29.5 ' 33 48 R 
(Stage 2) 54.0 1 829 R 
Dunham Br 1dge P. S. 24.0 4 ll5 D 
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Table 2 (cont '4> 
(d) Coopel'-JSCiOb 
Plaoe B.H".No. L1h "T D or R 
(ft. ) g.p.d./ft. 
(1) (2) (3) (4) (5) 
, 
Cheg~er House Farm P.S. 7.5 13 167 D 
Blyth P.S~ 34.0 2 905 D 
Holes' Brewery 126.0 781 R 
Calverton Flsh Farm 1.66 59 492 D 
Table 2 (con,Cgl 
Calculations of Transmissibility and Storage Coefficient 
(e) Cooper-Jecob. non-equilibrium method. log - log-scales 
T = rl'u) x 374 x 1440 g.p.d./ft. S=Tg,t x 1 4~ s 1.557r2 86400 
-Q 
Place No. B.H. \7(U) U Jil r2 T S No. Q t g.p.d./fi. 
(1) (2) (3) (4) (5) (6) (z) (8) (9) 
1. Ompton P.S. 94 2 20 10-9 15.07 4.08 x 10-4 57 081 1.04 x 10-6 
2. 11 n 3 20 10-9 15.16 6.85 x 10-4 54 395 5.90 x :J.cr7 
3. Uarkham C1lnton P.S.45 1 6.2 1.2 x 10-3 8.46 r: 0.352 31 236 7.91 x 10-1• 
4· 11 11 11 2 12.5 2.0 x 10-6 18. 0 3.0 x 10-4 29 728 1.47 x 10-3 
5. n 11 11 3 12.8 10-6 19.48 2.2 x 10-4 28 167 9.51 x 10-4 
6. Halam P.S. 15 1 12.8 10-6 21.62 2.88 x 10-4 25 ,366 6.54 x 10-4 
" 7. 11 n 2 15 1.6 a: 10-7 21.59 1.29 x 10-3 29 782 2.74 x 10-5 
8. 11 11 3 8.4 1.3 x 10-4 9.69 2.86 x 10-1 37107 1.25 x 10';'4 
Table 2 (cont'd) 
(e) Cooper-Jacob 
Place No~ B.H. W(u) u ~ r2 T S No. Q '! g.P.d./ft. 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 
- , 
9. Lamb1ey P.S. 95 1 20 10-9 29.87 6.5 % 10"'4 28 751 3.29 % 10-7 
10. " " 3 20 10"'9 31.04 3.21 % 10-4 27 574 6.38 % 10-7 
11. Grove P.S. 307 1 18 9.0 % 10"'9 26.52 4.13 % 10-3 29 082 4.71 x 1rr7 
12. " " 2 17 3.3 x 10'-8 27.27 4.11 x 10-3 26 713 1.59 x 1ct6 
13. 'Everton P. S. 185 1 11 1.6 % 10"'5 7.62 1.45'% 10"'3 60 857 4.99 x 1a-3 
14.', Caunt on P. S. 293 20 10"'9 57.83 1.48 % 10-5 14 810 7.44 x ~0"'6 , 
15. Amen Corner 119 1 20 10"'9 9.18 2.47 % 10-6 93171 2.80 % 10-5 (Test 1) 
10"'6 1.07 x 10"'1 1.37 x 10-5 16. " " (Test 2-3) 1 6.3 1.37 197 113 (pt.1-9) 
10-8 1.83 % 10-4 17. " " " 1 18 4.68 6.70 x 10-5 164 799 (Pt. 10-17) 
7.2 % 10"'5 2.14 % 10-1 18 •. " " .. 3 8.9 2.06 182 265 4.56 x 10"'4 (pt.1-9) 
Table 2 (cont'd) 
(e) Cooper-Jacob 
Place No. B.H. w(u) u J! r2 T S No~ Q t g.p.d./ft~· 
(1) (2) (3) (4) (5) (6) . (7) (8) . (9) 
.1g J,~en Corner(Test 4) (Pt:1_8)15. 5 1.3 x 10-? 3.54 5.94 x 10-4. 187 419 2.99 :X 1(j" 5 
20. 11 " " . 2 - 6.3 (Pt.1-8) . 
10-3 1.51 7.28 x 10-2 178 802 1.82 x 10""2 
21. " n (Teat 5) 1 5.4 2.8 x 10-3 1.02 6 -1 1.0 x 10 . 226 734 -2 4.45 x 10 .. ~ , ) 
22~ Dunham Bridge P.S. 144 20 10-9 321.12 3.94 x "1(j" 7 . 2642 4.98 x 10 .. 7 
23. , Chequer House Farm 223 20 10-9 67.47 1.86 x 10-6 12 710 
. 6 
5.08 x 10"" . 
24. B1yth P.s. 198 6.3 1.0""3 96.55 1.35 x 1.0-6 2 795 
25. . Calverton Fish Farm 306 17 2.9 x 10-8 12.0 2.2 x 10-5 60 319 5.91 x 10-4 
Table 2 (cont'd) 
Calculations of Transm1ss1bil.ti 
(f) Recoyery: T =. 264 x slope x g.p.m. 
Place B.H.No. Slope g.p.m. T 
g.p.d./ft. 
(1) (2) (3) (4) (5) 
Ompton P.S. 2 0.129 1 750 59 598 
3 0.101 1 750 46 662 
Markham Clinton P.S. 1 0.053 2 783 38 340 
2 0.049. 2 783 . 36 001 
3 0.052 2 783 38 205 
Halam P.S. 1 0.037 2 833 27673 
3 0.036 2 833 26 925 
Lambley 1 0.078 1 400 28 829 
3 0.086 1 400 3.l 786 
Grove P.S. 1 0.058 2 530 38 739 
2 0.058 2 530 38 739 
4 0.053 16.73.3 35 399 
Everton P.s. 3 0.27 715 50 965 
4 0.26 715 49 078· 
Epperstone P.S. 0.154 666.6 27 157 
Long Benn1ngt on P. s. 0.045 180.5 2 153 
Holes' Brewery 0.015 200 792 
'fable 3. Step klraw49JP Teats &t EguU1b,lvm 
-
Place B.R. B.It. k g.p.h. Observed " g.p.h./ Ft.D.D./· . Z£mn8~11~~'&lg No. Depth Drflllldo1lD Foot 1000 Bqu11lb- FPedictlan Non-(Ft.) (2t.) (x) g_p.h. ,lam Equation Equ1l.,l-
b,1Ull1 
(:I,) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
• 
IV Chequer Doo.eo 
Farm 
395 0.33, 37500 61.25 612 ' .1.63 14 727 19 510 
223 57 000 98.0 581 1.72 13207 18 590 
69 500 126.0 5.51 1.81 11 764 17 800 
-80750 158.0 5ll 1.96 10.083 16500 12025 
~ 
·OD 
2V Elkesley P.S. 7 516 0.33 20 000 6.5 . 3 076 0.32 8l. 540 87280 
184 35 000 12.5 2'800 0.36 74 860 SC 170 
-42 000 15.5 2 709 0.37 71,410 77730 64 (.75 
56 000 22.5 2 489 0~40 64848 71 860 
3U Elkesley P.S. 6 553 0.33 35000 22.0 1 591 0.63 41 571 47530 
184 
-42 000 26.7 1 573 0.64 42 435 l66 900 42 033 
54 500 34·0 1603 0.62 42 903 47730 
Table 3 (cont'd) 
Place B.H. B.H. k g.p.h. Observed. g.p.h./ Ft.D.D./ Tranerillsslbll1 ty No. Depth Drawdown Foot 1000 (Ft.) (Ft. ) (x) g.p.h. Equillb- PredIction Non-
rl1l11\ Equation Equll:1:-
brIum 
(;1.) (2) (3) (4) (5) (6) (7) (B) (9) (10)- (ll) 
4C . Long Benn1ngton 400 0.32. {10 833 227.0 . 48 . 20.95 1 312 1 831.~ 140 , 2 229 
. 13 333 289.0 ·46 21.67 1 356 1 761 filo , 
co 
5U AMen Corner P.S. 1 431 0.33 62 000 18.2 3 407 0.29 88 764 96 230 
ll9 (Test 1) *84 000 26.2 3 206 0.31 82 270 90 880 110 872 
102 000 32.0 3 lB7 0 •. 31 92 456 90 400 
6C Epperstone P.S. 2 487 0.33 23 000 24.0 958 1.04 28175 29 590 
40 , 
*39 623 44.0 900 1.11 26 475 27 910 26 761 
7U Far Baulker P. S. 
116 469 
0.33 25 000 53.75 465 2.15 14 573 15 110 
51 000 91.25 558 1.79 12 940 17 900 
*61 000 116.75 523 1.91 11 559 16 860 16 800 
Table, (cont td) . 
Place D·H. B.H. k g.p.h. Obeerved g.p.h./ Ft.D.D./ Tr~em1ee~~1~t~ o. Depth Drawdown Foot 1000 - Equil1b- Pred1ct1on ,Non-(Ft.) _ (Ft.) . (X) g.p.h~ r1l1ll! Equat10n Equ11-
1br1um 
(l) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
BC Calverton F1eh 290 0.30 29 000 9.75 2 974 0.34 87 248 84 780 
Farm 
-50 000 306 21.25 2 353 0.42 ·69 020 68 210 61977 
,- . 
• {~"f! . ~ go Clay Lene P.S. 1 295 0.30 10 250 80.0 128 7.81 ' 3 750 4663 
142 
27362 216.0 126 7.92 3 730 3639 
100 Dunham Br1dge P.S. 1 226 0.30 19 108 165.6 115 8.66 ' ........ f 
144 I 
28 500 214.83- 133 7.54 3 900 4 723 4 231 
11U 'Rufford, P.S. 1 400 0.30 91 666· 90.5 1 013 0.99 24 990 31 160 
66 
·102 083 103.5 986 1.01 23 560 30 390 33 889 
125000 137.5 910 1.10 19 681 28 200 
Plece B.R. D.n. k g.p.h. Observed g.p.ti./ Pt.D.D./ T~~§mla~i~ll'~i Uo. Depth Drawd01lD Foot 1000 Equilib- Prediction Nan-(Pt.) (Fi.) (x) g.P.h. rium Equation Equili-
brium 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (ll) 
12U Rutford P.S. 2 401 0.30 91666 55.5 1652 0.60 43 978 48980 QI ... 
66 ' .-
-102 C83 60.5 1687 0.59 44484 50 050 33 435 , , 
. " 
125 000 71.5 1748 0.57 45 050 51 740 
13U Ruff'ord 2. s. 3 402 0.30 91666 76~5, 1 198 0.83 30 558 36 420 66 
0102083 90.5 1 128 0.89 27 655 34400 34 774 
125 000 lD505 1 185 0.84 270'22 36 a)0 
l4C Ha1Q1!1 p.e. 1 561 0.33 63 000 83.5 754 1.32 22 182 23690 
15 
70 000 93.1 752 1.33 2? 105 23620 
76 500 103.9 733 1.36 21647 23 070 
- 85 000 U50 9 733 1.36 21 562 23070 28 888 
., . 
-1!abl'e ·3 ( cont· 142. 
Place B.H. B.H. k g.p.h. Observed g.p.h./ Ft.D.D./ Tr~mn~ag'b'l~t~ No. Depth Drawdown Foot 1000 Equ1l1b- Prediction Non-(Ft.) (Ft.) (X) g.p.h.: rium Equation Equil-
1brium 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 
15G: Uarkbam Cl1nton. 2 739 0.·33 60 000 76~75 782· 1.28 22 984 24 500 P.s. 
45 66 500 82.25 BOB 1.24 23 770 25 250 
74 000 87.75 843 1.19 ·24 793 26 260 
$83 500 93.25 895 1.12 26 326 27 770 36 112 
at 
t-' 
16Ci Markbam C:l,inton 
P.s. 3. 714 0.33 60 000 83.75 716 1.39 23 451 22 570 
45 66 500 89.75 741 "1.35 2l 784 23 300 
74 000 97~0 763 1.31 22 429 23 940 
·03 500 101.25 825 1.21 24246 25 750 35 761 
17ll' . C1ipstone P.S. 303 ' 0.33 24 260 11.0 2205 0.45 57 354 64 340 
77 29 700 22.0 1 350 0.74 34114 40690 
46 2:20 8:2.0 5'1', 1.8~ 11 121 11 880 
Mean 1 366 1.01 37 5B3 
:\:al!le l (cont'g) 
Place B.B. B.B. k g.p.h. Observed g.p.h./ Ft.D~D./TransmlSBlbl11tv 
. No. Depth DraWliown Foot lOCO Equl11b- Pred~lon Non-(Ft.) (Ft. ) (X) g~p.h. 1'1UI!f . Equation Equll-
; lbl'lum (l) (2) (3) (4) (5) (6) (7) (8) (9) ~lO) (11) 
18U·· Ralnworth P.S. 1 298 9.35 4625 10~0 462 ·2.16· 11 7ll 15 020 
83 9 885 22.0 449 2.22 11 033 14630 
14 625 41.0 357 2.80 8 262 11 820 
Qt 
23 965 100.0 239 4017 4 228 8 292 ~ 
Mean· 377 2.84 10632. 
19U Farnsfle1d P.S. 588 0.35 901 00·0 23.0 3 913 0.26· 95950 109 400 
53 (1966 Test) 125000 33.0 3 788 0.26 91 98Q .... 196, 100' 
Mean 3 850 0.26· 100 857 
"'~r. . , 
200 Boots', Beeston 352 0.33 20 000 30.0 666 1.50 19650 21 110 
101 40 000 :21).0 729 1.37 21 400 22 950 
Mean 697 1.43 21 277 
Place B.B. No. 
. . 
Table 3 (cont'd) 
ae 
B.B. k Observed g.p.h./ 
Deptp g.p.h. Drawdown Foot 
(Ft.) (Ft.)' (x), 
__________ ~(~~) _____ (~_2~)~~(3~) ___ (~4)~ __ (~5~) ____ (~6~) ___ .~(7~)_. __ ~~ __ ~~--~~ __ ~~_ 
210 Trent Brewery, 
Newark. 
331 
587 0.30 748 
1 067 
Mean 
60.0 12.4 
13 
• Indicates the rates in g.p.h. used in non.equilibrium methods 
C - confined cond1tions 
U - unconfined conditions 
x - see regression equation 
Table 4 
Values of Transmissibilit¥ from Yield-Depress1on Data. log T = 1.7005 + 0.9293 log X 
Place No. Map Yield DefreSSlon (4t~~5) Depress10n T Reference (g.p.h.) feet) per (g.p.d./ft) 
1000 g.yoh. (feet 
(1) (2) (3) (4) (5) (6) (7) (8) 
Tr1umph Road, Nott1ngham. 5 551 395 6 000 31 193 5.16 6 691 C.1 
. (1954) c:.1 
Grant street, Nottingham. 6 ,560 402 7 500 5 1 500 0.67 44 870 
.". . (1967) 
. . . 
Ma1kln H1ll Camp 9 660 410 700 3 233 4.29 7969 
Boots'. Daleside Road; (1) 10 582 392 19 000 25 759 1.32 23 830 
Nottingham. • 
n 
." 
" (2) 27 000 50 540 1.85 "17 370 
.. .. .. (Q-J 33 000 54 .,6.ll 1.64 19 470 
Boots', station Street • (1) 12 20 000 114 175 5.70 6 094 
" 
" Nottingham. 
" 
n (2) 22 000 156 142 7.10 5 019 
Table 4 (cont'd) 
Pla.ce No. Map Y1eld Depress10n (~)!(5) Depress10n T Ref'erence (S.p.h.) (feet) X) per (S.p.d./ft. ) 
1000 S.)'.h. (feet . 
(1) (2) (3) (4) (5) (6) (7) (8) 
Spr:lngf'1e1d Hos1ery, 13 539 442 3 000 90 33 30.0 1 293 
. Bulwell.(1954) 
616 43.6 Westda1e Road, 19 1 814 4 453 2.19 14 750 
Nottingbam.(1933) 
566 423 18 360 602 1.69 
g 
Ferman. Huclma11 Rd. ~ 30 31 19 220 
Nottingham. 1930) 
It .. "1945) 20 000 31 625 1.55 19 890 
Vel'lllOn Street, 32 551 432 20000 18 1 111 0.90 33 950 
Nottingham. (1967) 
614 399 16 170 Col'Hick Estates, 33 7 500 15 500 2.00 
Nottingbam.(1966) 
5646 Syelrston A1rf1eld 36 730 471 53.5 105 9.45 3 791 
Saxlby t s Works, 39 546 425 18 000 3 6 000 0.17 162 800 
Nottingham. 
611440 26 190 ~L1ns Coll1ery. 43 15 120 18 840 1.19 (1952-53) 
Oaktlam Farms. (1967) 50 676 711 ·3900 5 780 1.28 24440 
Table 4 (cont'dl 
. Place No. Map Yield Depress10n (4)/(5) Depress10n T Reference' (g.p.h.) (feet) per (g.p.d./ft.) 
1000 g.p.h. 
(1) (2) (3) (4) (5) 
(feet) (8) (6) (7) 
Ruf:f'o:M Co1l1ery. (1951) 55 594 601 25 000 104 240 4.16 8 187 
.'(1 fI (1951) 24000 94 255 3.91 8656 S 
Carlburton (1945) 59 594 721 7500 10 750 1.33 23 520 
Ruallley ·62 547 517 25 000 24 1 040 0.96 31 930 
EciW'.lnetowe 68 619 662 8 750 6 1 458 0.68 43 710 
ThOl~esby Park 69 . 647 708 2 375 17 140 7.15 4944 
Coo]O. Dairy, Berry H1l1, 70 564 595 3 075 30 102 9.7 3691 
. Mansf1eld. (1947) 
Kel11.am H 111s, D t Arcy 74 759 569 4 500 132 34 29.33 1 329 
Explorat1on. 
Table 4 (cont' d) 
Place No. Map Yield Depression (4)/{5) Depression T Ref'erence (g.p.h.) (f'eet) (X) per (g.p.d./ft. ) 1000 g.p.h. (feet) 
(1) (2) (3) (4) (5) (6) (7) (8) 
Bildby P. s. (3) 75 604 702 31 490 ·38.75 811 1.24 - 25 340 
Knees all P. s. 76 693 632 1 600 3 533 1.87 17 160 
" . " 76 4000 12 333 3.0 11 090 
Cl! 
00 
Omptpn .P. S. (2) 94- 677 648 93 100 66.5 1 400 4.74 42 090 
, 
tI 
" 
(3) 93 100 71 1 310 . 5.42 39 580 
I (1) 626 450 Lambley P.S. 95 
I -
76 500 111.75 689- 1.91 21 780 
i 
If 
" (3) 76 500 115.25 663 1.51 20 960 
Ericsson's, Beeston 99 532 361 22 030 67 331 .. 3·03 11 020 
If 
" 
40 000 79 507 1.97 16 380 
Boots' Island Street, 
Nottingham. (1) 100 579 395 37 000 117 316 3.15 10 550 
tI 
" 
(2) 15 000 117 128 7.19 4 557 
tI 
" 
(3) 35 000 52 .672 1.48 21 280 
,I . 
Table !.1 'c2nt ' S:!.l 
Place No': Map Yield DefreSSion (4)/~5) Depression T Reference (S.p·h.) feet) (x per (s.p.d./ft) 
1000 S.y.h. . .. . (feet' , , 
(1) (2) (3) (4) (5) (6) (7) ( 8) 
Edw1natowe 118 625 664. 7 500 14 536 1.8,7 17250 
prl'ory Brewery. (1956) 181 589 792 5600 119 47 21.2? 1 797 
Worksop. 
624 871 11 410 Blyth P.s. 198 4 811 14 344 2.91 c.~ Q 
"I· 11 1666 5.8 287 3.4~ 9663 
RaDlipton (1966) 199 810 780 3 917 20 196 5. 19 6 767 
11 ! (1967) 4 17, 18 232 4.3;L 7 918 
, 
HodiSock Bridge 202 622 854 720 10 72 13.9, 2670 
LitHe Morton 204 676 789 750 1.25 600 1.67 19 110 
Albert Paper Mills, 
Retf'ord. (1.950) 219 703 807 10 000 11.5 869 1.15 26 960 
Or&aall Rope worksb9 220A 701 800 10 000 13 769 1.30.., 27 700 Retford. 39 ) 
6 240 15 560 11 11 11 Q.9 61) 13 480 2.08 
" If 
" " 220B 11 000 19.5 562 1.n 18 020 
fDllle It (cgpt ·4) 
... a ..... 
.?lace Co. C(0 Yiold Devrees10n (4)/(!)) Jo;;weea1an 1.' 
. Oo1'ercmee (gep.b.) feat) (It) pe!' (gell.a./ft.) 
1S~ie~t5·b. 
-iI! 
(1) (2) (;~) (4) (5) (6) (7) (0) I 
C:lt1.el'68y Gartl8Da 221 68;;) O£4 1200· 4.25 282 3.54 9 ta5 
627 £97 
0' 
!lWJ1!W !>oak. l3l.7th. 273 11000 24· 458 2.1e 14 910. o· 
Qa1lI~ton ['>.G.· 293 139601 65685 2J3 ·422 ·2.37 • 13 c:;:!) 
arOlre 2.0. (1) 31)7 740 €~3 136 740 163 8,38 1.18 26 G9D 
~, (I 126 944 164 77l'j. 1.a9 24 830 
'11 '1> (2) . 12::1 609 161 161 1.31 ~. e!)o. 
dr .. 1}.4001 164 617 1.22 25 520 
~, <> ,,) 123. 029 1"ro 7l.2 1.42 <?2 !;pO 
~I {3 (4) 129 C~ 164 787 1.27 ~E40 
Ool~,a' Bre~7. J:Je~k. 3~9 793 '37 12 G~ L."IO 10'4 l~.G 3623 
.. (] () 11 5~t) 125 92 10.87 3354 
Table 4 (cent t d) 
Place No. Map Yield Defreesion (4t~~ 5) Depression T Referenoe (g.p.h. ) feet) per (g.p.d;/ft~~ 
1000 goyoh. (feet (I) (~) (3) (4) (S) (6) . (7) ( 8) 
Ret:f'ord Airfield. (1949) 313 671 809 4900 10 490 2.04 15 870 o . 
... 
Sanliers &: Co., 315 10 000 147 78 14.7 2 876 
Gainaborough. (1948) 6 Eakj~1ng. 320 2 000 :333 3.0 II 090 
ift (1949) 5 166 41 126 7.93 4 491 
Cas'tle Brewery, Newark 322 10 000 49.5 202 4.95 6 965 
Midland street, 323 590 393 10 380 1.5 6 920 0.14 185 800 
Nottingham. 
(1967) fI " 16 200 5.0 3 240 0.31 91 790 
HO£kbam Ollntgn?qmpina sSa51t9 
No, ItS; SIt tuU, 
1. J!!9mplns f •• t, In the teat. borehole. a an4 , were eaob 
puapinS at the rate ot &, 500 S.p_h. tor '14 bour.. After 
that tille, pumplq rat •• "" reducea b~ .tep. to 
60 000 S.p.b. In each borebole, when all pumpinS ce.ae4 aDd 
weter 1eve18 "re al10we4 to recover treG17. Observations 
ot the water 1,,"18 4ud:na "theao operations are .hown 1n " 
2. Rellulta. 'lhe aWiUllar7 table below pvea valuea ot 
tranalll1os1blUty obtained tor the 4row4own eDd HOOYer7 
peri04a b7 non-equUlbrlwa methods. 
63 
2. Results (summary table cont'd) 
Borehole ._- - -Method Transmissibility I Devia.tion No. Lfrom, Mean 
2 Chow (D) ,8 505 +2 590 
2 Chow (R) '4 61' -1 '02 
2 C. -J.( s.lg.) (D) ,6 981 +1 012 
2 C.-~.(s.lg.) (R) '9 982 +4 067 
2 C.-J.(lg.lg.) (D) 29.728 -6 181 
2 Recovery 31; 001 + 86 
, fhe1s (D) ,1 827. -4 088 
, Theis (R) ,6 741 + 826 
, Jaoob (D) ,2 ?O -, 702 
, Jaoob (R) '9 171 +' 256 
, Chow (D) '7 462 +1 547 
, Ohow CR) '5 86, 
-
52 
, c.-J.(s.lg.) (D) . '1 982 +2 067 
, c. -J.( s.lg.) CR) '9 982 +4 067 
, C.-J. (lg.lg.) (D) 28 167 
-7 748 
, Reoovery ,8 205 +2 290 
MeaD '5 915 
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2. Geological Factors and their ,relationship to the 
Formation Coeffioients 
1. Geological Factors. The geologioal factors considered 
in relation to T and S are the litholoBieal units, the 
thickness of the aquifer and the thiokness of the confining 
rocks. 
As a result ,of field work in the area, previously 
.lescI'ibed (Brown), five lithologieal types have been 
identified, classified as follows:-
Size Median Sre~ Size Description Lithological 
./ Group Rsnge of msdian Characteristics of No. (mm.) grade Sedimentation Range 
material Unit 
1 :> 0.42 :> 36 70.42 Coarse sand (A) Pebbly,' coarse-
grained, crosa-
bedded sand, 
with elay 
pellets and 
boulders along 
croas beds. The 
oross beds are 
relatively 
steep and the 
beds are weakly 
compacted. 
2 0.35 36-52 0.422- Medium Band (B) Non- to 
0.295 sparsely- pebbl,y, 
medium-grained 
sand without 
clay boulders. 
The cross beds 
are less steep 
than in Group(A) 
snd are more 
oompac·t. 
Size 
Group 
.3 
5 
Median 
0.22 
SB.S. ieve 
No. 
Range 
52-100 
0.10 100-
200 
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Size 
Range 
(mm. ) 
0.295-
0.152 
0.152-
0.076 
0.06 <:. 200 < 0.076 
Description 
of median 
grade 
materisl 
Fine sand 
Suped'ine' 
sand to 
coarse silt 
Silt and 
clay 
grades 
Lithological 
Characteristics of 
Sedimentation 
Unit 
(C) Essentially 
horizontallylamin-
ated, compact" fine-
grained sand. oon-
pebbly and without 
clayey boulders. 
(D) Red or green 
superfine aand or 
coarse silt 
occurring either 
horizontally 
laminated in 
association with 
(C) or forming a 
thin layer at the 
bnse of troughs 
\Vi th (A) and (B) 
overlying. 
(E) Red or green 
clayey silt or clay, 
occurring aa in (D) 
In the publiahed and filed descripti.ve -geological.logs of 
boreholes. wellB and ·shafts it· is' not possible to identify all 
five lithologieal types and for t~e present purpose the number 
has been reduced to three, as follows:-
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:Unit "1", Types (1,.2). oOllrBe.·.·pebbly sandstone 
Uni t "2'. Types (,), medium-grsined,: non~pebbly 
sandstone. 
Unit ",',' Types (4 + 5) •. fine-grained sandstone -
silt· - olay 
Using these three unite. the field data have been 
re-claBBified aB below:-
Unit '1' 
Unit '2' 
Unit '3' 
Total thiokneBs of eeotions 
measured (incheQ) 
1 820 
8 770 
394.5 
~O 984.5 
% of totdl 
thickneSB 
16.6 
79.8 
3.6 
100.0 
The values obtained for 93 sections in the confined aquifer 
and 135 sections in the unconfined aquifer to which this 
classification hOB been applied SI'e given below:-
(a) Confined 
Unit '1' 
Unit '2' 
Unit' 3' 
(b) Unoonfined 
Unit '1' 
Unit' 2': 
Uni t '3' 
Total ThicknesB 
(inohe s) 
71 748· 
352 932 
;23 772 
448 452 
46 834 
31)5 232 
27 090 
459 156 
% of toto 1 
thicknesB 
16.0 
78.7 
5.3 
100.0 
10.2 
5.9 
100.0 
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Total Thiokness l§ of total 
(inohes) thickness 
Grand Totals 
Unit ~ 1 ' 118 582 13.1 
Unit ' 2~ -738 164_ 81.3 
Unit ' 3' 50 862 5.6 
907 608 100.0 
Examples of the applioation of this classifioation to 
desoriptivelogs at the Markham Clinton Pumping Station ore 
given in tables A.2.1. A.2.2 and A.2.3. 
The vertioal varis_t1ons _ of the uni ts '1' and '3' in the 
area oonsidered are shown on the maps. fig. 2.1 and 2.2. 
The former indicates that the centre of mass of unit '1' lies 
in the upper. half of the aquifer over much of the central port 
of the area. In the west of the ores. underlain by the 
finer-gl'sined Lower Bunter Sandstone', unit '1' is absent and 
the centre of the unit tends towards a lower horizon in the 
northern and eastern ports of the area. 
As regards unit '3'. its c~ntre rarely ocours in the top 
half of the aquifer and is. for the most port. in the lower 
25-~. on account of the influence of the Lowe-r Bunter Sandstone. 
The examples for Harkham Clinton. given in tables A.2.4 
and A.2.5. indicate the method used for determining the centres 
of maes of the units for all the records of gsological 
sections examined. The I!ili.ps, -fig. -2.1.a.nd 2,2, together 
with that shOwing the ratio %'1' to %'3', fig. 2.3. are 
indicative of the gradual Vle~e:iaa OJlt of the ::e."1l;1;ly bedli 
northWards, noted by Sherlock , and a possibls increase of 
121 
f'iner-grained' material in the part of the area to the east·. 
FigureD 2·.4- and 2·.5 shou the general increase in thickness 
of' the conf'ining rocks and of the Bunter Sandotone, 
respeotively:, from \7est to east. 
2·. Relationships between Geologicsl Faotors and Formation 
Coeffioients. For the purpose of determining the 
influenoe of geological faotors on transmissibility, the 
pumping test \7ells were divided into the following categories 
and the values of mean non-equilibrium transmissibility 
(gopod./ft.), thickness of' confining rocks, eoturated 
thickness of the aquifer. %'1' and %'3' found for each we11:-
Category 1, confined aquifer, centre of unit '1' in upper 
half of aquifer (+) 
oentre of' unit '3' in lower 
half' of aquifer (-) 
Cotegory 2, oonf'ined squifer, centre of uni t '·1' in lower 
half' of aquifer (-) 
centre of unit '3' in lower 
half of aquifer (-) 
Category 3, conf'ined aquifer, partial penetration (p) 
Category 4. unconfined aquifer, thiokness of soturated 
equifer, 0 ~ 150 f'eet 
Category 5, unoonfined aquifer, thickness of saturoted 
aquifer, 150 - 250 feet 
Catogory 6, unconfined aquifer, thiokness o~ eaturated 
oquifer, 250 - 400 feet 
Category 7. unoonfined aquifer, thioknesa of saturated 
aquifer,; over 400 reot. 
. \ 
- -----------
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The mean .velues of the above fectors in categories 
1 to 4 and 7 are, given in tables A.2.5 to A.2.9. Work 
remains to be "completed on the categories 5 and 6. 
Simple .and multiple relationshipa were found between 
transmissibility and the geological factors in each 
~ategory and the main resulta are summarised in the 
tables A.2.10 to A.2.13 for the categories 1 to 4. The 
following summary table includes the equation in each 
oategory giving the highest correlstion:-
Toble 2.1 Summary of Relotionships between T and 
Geologioal Faotors 
Category 
1 Xi = 12668.76 +. 2766000 X2 + 89.55 X3 - 1290.41X4 ••• (1: 
2 R1• 234 = 0.8827 s = 4544 
'Influenoe {Jf, X2 = 57.25%; X3'= 19.57%; X4 = 11.45%, in 
2 
R1•234 = 88.27 
2 Xi = 32342.1 - 4234164.8 X2 ,+ 129'} X3 .••••••••••••. (2) 
2 R1• 23 = 0.9822 s = 1756 
Influenoe of· X2 
Xi = 1853.60 + 1512621.36 X2.~ 5.79 X3 + 125.15 X4 •• (3) 
R1•234 = 0.9635 
2 R1•234 = 0.9265 . s = 1060.3 ' 
Influence of X2 = 84.35%; X3 = 0.67%; X4 = 7.83% in 
2 R1•234 Q 92.65 
Xi = 1443 .• 15 + 69.28 X} + 9890.1 X6 •••••••••••••••• (4) 
2 R1.}6 = 0.9975 s = 244.1 
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in which, for confined categories, 
Xi = transmissibility; g.p. d./ft. 
= 1 ;. thickness of confining rocks (feet) 
• 
::: tnioknesB of saturated squifer, feet 
. X 4 = % unit '1' 
Xs = 1::» unit '3' 
In unconfined categories, 
X3 = thickness of saturated aquifer, feet 
X4 = median grain diameter', mm. 
Xs = % unit ' 1 ' 
X6 = 1 ~ ~~ unit ' 3' 
In the oonfined part of the aquifer, the thiokness of 
the conf~ning beds and of the aquifer itself are the ohief 
oontributory factors influencing transmissibility, but 
lithology:has significant influenoe in categories 1 and 3, 
in which the. centre of ~'1' occurs in the upper half of the 
aquifer. 
In category 4, unconfined with ssturated thickness 
·0 - 1S0 teet, the amount of finer-grained sandstones in the 
• 
lower part of the Bunter Sandstone exercise a st:-ong influence 
on transmiesibility. 
The values of the coefficient of storage determined 
from the pumping test boreholes in oection 1 have been 
related to the geological factors in the same boreholes. 
The main' influence on· tho storago coefficient is the 
variation in li thology, aa represented ~y the' peroentages 
of units '1' and '3'. A summary of the results of the 
correlation ia given in table A'.2.14, the relation whioh 
gives the best correlation being 
lBI 
X1 = 3.31 + 0.17 X4 - 0.08 Xs •••••••...•.•.....••.....•..• (5) 
where Xi = log (coefficient of storage) 
X4 = lZ unit ' l' 
X5 = % unit ' 3' 
2 R1 • 45 = 0.6692. of which X4 contributes 57.17% 
a 9.75% 
R = 0.8184 
standard error of estimate = 0.73 
The "relationship (5) applias to all categories. 
The coeffioient is lower; therefore. in the finer grained 
sandstones than in the coarser and pebbly varieties and the 
ratio %'1' to %'3' is a guide to the relative magnitude of 
the coefficient. 
Using the expression (5). the storage coefficient may 
be found for any geological section for which values of '1' 
and '3' are available. The tables A.2.1 to A~2.3 for 
Markham Clinton, for example. may be used to determine the 
coefficient for the full aquifer thickness or between any 
selected vertical limits· Similar tables have been compiled 
for all the available geological sections in the area. 
The relations (1 - 5) have been applied to geological 
sections, examples of which sre given in the tables A.2.15 
to A.2.24, which include boreholes from the confined categoriea 
1 and 2. Valuea of T and S have been found for the full 
thickness and for increments of 50 feet. For the 10 holes. 
the mean values of T and S are 42. 118 and 0.000255, 
respeotively. Mean values for the area as s whole have not 
yet been determined. 
, 
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Prom the data gi van in these seotions,. in conjunction 
nth seotions of tables of A.,2 - 15 type" the T and S values 
for any required thickness or vertical intorcept may be 
found.· Combined with particulars cf ground uater levels 
in the area at speoified dates these data will provide a 
framework fOr the oomputer study of abatraotion and reoharge 
for parts of the area or for the area as.a whole. 
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Centre o't Li thological Type '1' above Baae of 
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Table A.2.5 Relationship between Transmissibility and 
Geological Factors 
Summary of Valuea for Pumping .Test Boreholes 
Category 1. (Confined; + -) 
Place T i t %, l' 
. g. p.d.1 ft. 0 
x 103 
Halam P. s. 15A 28 787 '6.802 357 7.2 
Halam P. S. 15B 30 342 '6.993 4-18 14-.0 
Halam p. S. 150 30 54-3 ·6.356 34-5.5 14-.5 
Epperstone.p.S.4-0B 26 761 14.290 4-43 12.2 
Markham Cl. 4-5C 35 761 5.555 519 16.2 
Lambley P. S. 95A 30 677 7.4-62 24-1 2.9 
Eriooson's 99 11 020 6.666 216 11.4-
Boots' ,Beeston 101 21 277 11.230 181 13.5 
Caunton P.S. 293 13 800 2.4-87 4-58 703 
. 306 
Cal ve rton Fi sh 61 997 25.000 250 14.1 
Totals 290 94-5 92.84-1 3 428.6 113.2 
Means 29 094.5 9.284-1 342.85 ; 11. 32 
1 
%, 3' 
0 
2.500 
2.500 
0.588 
0.556 
0.175 
0.093 
0 
0.667 
0.119 
7.198 
0.7198 
Table A.2.6 
183 
Relationship between Transmissibility and 
Geological Fectors 
Summary of Values for Pumping Test Boreholes 
Category 2. (Confined; ) 
T 1 
Plaoe g.p.d./ft. c t ~~, 1 ' x 103 
Gedling Colly.43B 26 190 13.160 385 19.2 
Ompton P.s. 94B 58 180 9.009 491 14.5 
Ompton P.s. 94C 53 637 8.26;.. 435 15.9 
Lambley P.S. 95B 30 677 7.462 241 2.8 
Lambley P.S. 95C 31 137 7.692 235 4.9 
Totals 199.821 45.587 1 787 57.3 
Means 39 964.2 9.117 357 11.46 
1 
/'of 3' 
1.667 
0.714 
0.500 
0.175 
0.051 
3.107 
0.621 
154 
Table A.2.7 ~ationship between Transmissibility and 
Geological Factors 
Summary of Values for Pumping Test Boreholes 
Category 3. (Confined, partial/" 
Place 
Netherfield Coop.19 
Kelham Hills 74 
Long Bennington 140 
Dunham Br. 144A 
Dunham Br. 14413 
Holes'. Newark 309 
Castle's,Newark 322· 
Totale 
Means 
T 
g.p.d./ft. 
14 750 
1 329 
2 229 
3 900 
3 639 
3 623 
6 965 
36 435 
5 205 
t 
8.772 136 
1.666 150 
1 096 400 
1 298 456 
1 126 501 
1 282 55 
1.302 33 
16.542 1 731 
20363 247.3 
%'1' 
6.7 
8.3 
0 
20.0 
5.0 
16.0 
11.6 
67.6 
9.66 
0.769 
0.120 
0.476 
0.909 
0.385 
0.769 
1.250 
,.909 
0.559 
158 
Table A.2.8 Relationship between Transmissibility and 
Geological Factors 
Summary of Values for Pumping Test Boreholes 
category 4. (Unconfined. 0 - 150' t) 
Place 
Boots' ,Station St. ,Nottingham 12A 
Boots' ,Station St. ,Nottingham 12B 
Rufford Colliery 55D 
Boots' ,I sland St. ,Nottingham 100A 
Li ttle Marton 204 
T t 
g.p.d./ 
ft. 
6 094 
5 019 
8 420 
10 550 
19 110 
60 
49 
96.5 
124-
135.75 
%' l' 
17.2 
0 
0 .• 9 
1.6 
0 
1 
)b' 3' 
0.027 
0.020 
0.078 
0.029 
0.833 
Totals 
Means 
49 193 465.25 19.7 0.987 
9 838 93.05 -3.94 0.197 
150 
Table A.2.9 Relationship between Tranamissibility and 
Geological Fectors. 
Summary ot Values for Pumping Test Boreholes 
Category .7, (Unconfined. 400 Feet+ t) 
Place T t %, l' 1 
g.p.d./tt. %, 3' 
Elkesl",y P. S. 184(6) 42 023 496 11.4 0.045 
Elkesley P. S. 184(7) 64 075 493 11.6 0.169 
Everton P. S. 185( 3) 54 264 714 0.9 0.286 
Totals 160 362 1 703 23.9 0.500 
Means 53 454 567.7 7.97 0.167 
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Table A.2.14- Relationship between Coefficient of Storage 
ana Geologica.l Factors 
.-'~ 
Summary o£'" Results of Correlation 
Vsriables Mean Coefficients R2 R a b c 
Xi 4.,5305 
X2 169 4.98 -0.00267 0.0395 0.1987 
X3 364.2 3.26 0.00349 0.0139 0.1182 
X,. 10.1 2.51 0.20 0.5717 0.7561 
Xs 6.0 5.34 -0.13S 0.3172 0.5632 
X4 Xs 3.31 +0.17-0.06 0.6692 0.8164 
N ::: 6 
Xi ::: ,Log (coefficient of storage) 
X2 = Depth, feet 
X, = saturated t~cknesa of aquifer. ,feet 
X4 = % lithologicsl type • 1 ' 
X5 ::: % l1thologionl type ' 3' 
R2 
= coefficient of determination 
R = ooefficient of' correlation 
s = standsrd error of' estimate 
1.25 
1.27 
0.63 
1.0S 
0.73 
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Tables A.2.15 - 24. Summary of Geological and Hydrological 
Values 
Key to Symbols in Tables 
%, l' 
%, 3' 
t 
T 
S 
o 
Peroentage material 0.33 mm. or over, median grain 
diameter; mean for thickness t shown. 
Percentage material 0.22 mm. or less, median grain 
diameter; mean for thickness t ahown. 
thickness of aquifer from" bottom. 
transmissibility, g.p.d./ft., for thickness t shown. 
coef'flcient of storage, for thickness t shown. 
thiokness of confining rocks overlying the Bun~er 
aquifer. 
porosity %. for full thickness of aquifer. 
le3 
Table A.2.15 Summary of Geological and Hydrological Values 
Halam P.S. 'SA. BB1. SK 668 535 
o. D. t T 
Level %'1' %, 3' ( feet) g.p.d./ft~, S Remarks ( feet) 
+177 Ground 
+ ;0 8.4 0 413 0.00066 Base Keuper 
0 7.8 0 383 ;0 ;70 0.00050 
- 26 7.2 0 357 28 767 0 :: 147' 
- ;0 7.1 0 ;5; 
- 50 6.5 0 33; 27'500 0.00026 e :: ;2.4% 
-100 4.7 0 283 25 400 0.00012 
-150 . 5.7' 0 233 19.600 0.00019 
-155 5.lL 0 228 
-176 4.7 0 207 
-200 ;.6 0 183 17,800 0.000063' 
-216 1.b 0 167 
-238 2.2 o· 145 
-250 0.8 
° 
133 17 900 0.000017' 
-255 0.; 0 128 
-257 0 0 126 
-300 0 0 62 
-;21 0 
° 
62 
-;50 0 
° 
33 
-;6; 0 0 0 
184 
Table A~2~16. Summary of Geologioal and HYdrological Values 
Halsm P.S. 15B. BH2. SK 668 535 
O.D .. t T 
Level 96' l' %, 3' ( feet) 
( feet) g.p.d./ft. S Remarks 
+177 Ground 
+ 34 14.0 0.4 418 30 342 0.000024 Dase Keuper 
0 14.0 0.4 ,584 26 600 0~000024 0 = 143' 
-50 14.0 0.4 334 19 980 0.000024 a = 32.4% 
-100 13.8 0.5 284 15 400 0.000023 
-150 13.2 0.6 234 11 300 0.000019 
-200 12.1 0.8 184 8 100 0.000013 
-250 10.5 1 .1 134 5 500 0.0000078 
-300 6.7 1.8 84 5 500 0.0000022 
-334 0 3.0 50 
-384 0 0 0 
Table A.2,17. Summary of Geological and Hydrological Values 
Halam P.S, 15C. BR3. SK 668 535 
O.D. t 
'" • Level %'1' %, 3' ( feet) g.p.d./ft. S Remarks 
( feet) 
+197 Ground 
+ 40 14.3 0-3 414.5 42 100 0.000126 Base l'luper 
+ 25.5 15.2 0-3 400 
0 14.6 0.3 374.5 35.000 0.000126 o = 157' 
- 50 14.4 0.4 324.5 27.400 0.000126 e = 32. 31~ 
-100 14.0 0.5 274.5 18 700 0.000102 
-150 13.4 0.6 224.5 13 BOO 0.000061 
-200 12.4 0.7 174.5 8 100 0.000055 
-250 10.8 1.0 124.5 3 780 0.000031 
-300 6.7 1.7 74.5 0.000020 
-330 0 3.0 
-374.5 0 0 0 
168 
Table A.2.18. Summary of Geological and Hydrological Values 
Markham Clinton 45C. BH3. SK 710 727 
O.D. t T S Remarks Level %, l' %, 3' ( feet) g.p.d./ft. ( feet) 
+ 95 Ground 
- 85 16.2 1.8 519 35 761 0.00095 Base Keuper 
- 88.5 16.3 1.8 515.5 
-100 16.3 1.9 504 33 900 0.00095 o = 180' 
-111 16.2 1.5 493 
-150 16.3 1.6 454 27 700 0.00095 e = 32.2~6 
-155 16.; 1.6 449 
-156 16.3 1.4 448 
-100 16.2 1.6 404 20 800 0.00095 
-250 16.1 1.9 354 15 420 0.00083 
-300 16.1 2.2 304 10 400 0.00078 
-350 16.0 2.5 254 5 450 0.00087 
-370 15.9 2.7 234 
-371 16.0 2.3 233 
-390 15.7 2.5 214 
-390.5 15.7 2.3 213.5 
f 
-400 15.5 3.8 204 1 090 0.00048 
-450 15.0 5.2 154 0.00030 
-500 14.5 6.7 104 0.00019 
-550 14.1 8.5 54 0.00011 
-553 14.0 9.8 51 
-554 14.2 8.0 50 
-578 12.0 15.4 26 
-579 12.3 12.0 25 
~~--~~~ _~ _~ _~ ~o ___ 
___ 41.:1_ 
'""v ...... '" -""-
lOT 
\ 
Table &.2.18. (cont'd) 
O.D. t T Level %, l' ~, }' ( teet) g.p.d./tt·. S Remarks ( feet) 
-590 9.5 20.5 14 
-592 11.1 8.3 12 
-600 0 25.0 4 
-601 0 0 1 
-604 0 0 0 
168 
Ta.ble A.2.19.. Summary of ~eologioal and Hydrologioal Values 
Ompton P.S. 94B. BR2. SK 678 646 
O.D. 
~' 3' t T S Remarks Level 5~' 1 ' (feet) g~p.d~/ft·. ( feet) 
+196 ~ro\,lnd 
+ 65 14.4 1.3 513 62 100 0.00000105 Base Kalp er 
+ 80 .14.4 1.3 508 
+ 73 14.6 1.3 501 o = 111' 
+ 66 14.6 1.4 496 
+ 50 14.4 1.4 478 57 800 0.0000010 e = 32.7% 
0 14.2 1.6 428 50 700 0.00000093 
- 50 14.0 1.8 378 43 800 0.00000089 
-100 14.0 2.1 328 37 200 0.00000079 
-141 13.0 2.3 287 
-147 13.0 2.0 281 
-150 13.2 2.1 278 30 600 0.00000074 
-157 13.6 2.3 271 
.,.200 13.4 2.1 228 24 000 0.00000078 
-250 12.5 2.2 1.78 17 500 0.00000071 
-300 11.1 2 .• 3 128 10 610 0.00000047 
-350 8.0 2.5 78 4 350 O~ 00000024 
-388 0 2.9 40 
-400 0 2.2 28 
-428 0 0 0 
169 
Teble A.2.20. Summary of Geological and Hydrological Values 
Ompton P.S. 949. BR3. sx 677 61t8 .. 
O.D. ( f~et) or Level %' l' %, 3' g.p.d./ft. S Remerks 
( feet) 
+19z.. Ground 
+ 73 15.8 2.1 450 53 637 0.00000059 Base Keuper 
+ 55 15.9 2.0 432 
+ 50 15.9 2.0 427 51 900 0.00000059 c = 121' 
+ 29 15.8 2.2 406 
0 16.4 2.2 377 4.5 500 0.0000006z.. e = 32.6% 
- 50 16.z.. 2.2 327 39 4.00 0.00000064. 
-100 16.4 2.2 277 33 100 0.00000064 
-150 16.4 2.2 227 26 900 0.00000064 
-200 16.4. 2.2 177 20 600 0.00000064 
-250 16.4 2.2 127 14. 4.00 0.00000064 
-300 16.4. 2.2 77 8 150 0.00000064. 
-350 17.0 2.2 27 1 890 0.00000071 
-377 0 0 0 
1'10 
TableA-;2~21; Summary of Geological and Hydrological Values 
Lambley P~S. -95A. BHL - SK625 450 
I'll 
Table A •. 2 •. 21 (oont' d) 
O.D. t T Level %, l' %, 3' ( feet) g.p.d./ft. S Remarks ( feet) 
-150 0.6 6.6 137 20 900 . O. 00000014 
,- 153 0.6 6.7 134 
- 156 0.7 6.9 131 
- 182 0.8 8~6 105 
- 200 0.9 10~6 87 15 600 0.000000093 
- 206 1.0 1i.3 81 
211 0 12.2 76 
220 0 13.4 67 
-
232 0 16.5 55 
-'237 0 18.0 50 
- 239 0 18.7 48 
- 245 '0 21.6 42 
- 250 '0 0.8 37 
- 253 '0 0.8 34 
;.. 262 '0 1'.0 25 
- 267 '0 0'.5 20 
-
280 0 2.0 7 
.. 284 '0 '0 3 
-
-
287 0 '0 0 
112 
Table A.2.22. Summary of Geologioal and Hydrological Values 
Lambley P. S.. 959. !3",H",3~. __ S::oK:::..,.;6::;2",,5-...::14:.<5 ... 0_ 
O.D. t T S Remarks 
Level %'1' %, 3' ( teet) g. p.d.1 tt. ( feet) 
+190 Ground 
+ 60 13.8 12.4 347 Ba ee . Kalper 
+ 50 1S.0 12.8 337 ltlt 500 0~00019 
+ 45 15.6 13.0 332 0 = 130' 
+ 39 10.0 13.2 326 
+ 1 9.2 14.9 288 e = 32.S% 
0 9.2 14.9 287 37 900 0.000010 
4 9.3 1S.2 283 
9 7.7 15.4 278 
- SO 4.9 19.7 237 31 137 0.00000063 . 
-100 2.2 24.7 187 24 600 0.000000072 
-135 0.2 28.2 152 . 
-143 0.2 29.8 144 
-145 0 30.0 142 
-1S0 0 33.0 137, 18 100 0.0000000054 
-200 0 64.0 87. 11 400 
-238.5 0 88.1 48.5 
-2S0 0 52.0 37 4 690 
-275 0 90.5 12 
-281 0 100.0 6 
-287 0 0 o. 
.., 
p'3 
Table A.2~ 23. Summary of Geological and Hydrological Values 
Caunton 293 SK 789 601 
O.D. t T Level %, l' %, 3i ( feet) g.p.d./ft~ S Remarks ( ~ee.t) 
+110 Ground 
-292 . 7.3 1.5 4-58 18 4-74- . 0.0000074- Base lfaiper 
-300 7.6 1.6 4-50 18 4-00 
-327 7.9 1.7 423 o = 4-02' 
-338 7.7 1.7 4-12 . 
-3q.8 5.4- 1.7 4-02 e :0 30.7% 
-350 5.2 1.8 4-00 16 620 0.000004-' 
-q.oO ,.2 2.1 350 15 350 0.0000017 
-4-50 1.2 2.4- 300 14- 000 0.00000079 
-4-71 0.4- 2.5 279 
-500 0.4- 2.8 250 11 550 0.00000060 
-596 0 2.9 244 ., 
-550 0 4-.0 200 8650 0.0000004-1 
-600 0 29.0 150 5 4-80 0.0000000074 
-6,50 0 54-.0 100 2 260 
-700 0 751.0 50 
-743 0 100.0 7 
-750 0 0 0 
114 
Table A.2.24. Summary of Geologioal and Hydrological Values 
Calverton Fish Farm 306B SK 636 4.88 
• 
O.D. t T 
Level %'1' %' " . (feet) a;. p,. d .• / ft, • S Remarks ( feet) 
+122 Ground 
+ 82 14.1 8.4 250 61 997 0.00059 Base Keuper 
+ 75 14.1 8.6 24' 
+ 72 1.4.2 8.7 240 o " 40' 
+ 50 14.0 ,9.6 218 59 000 0.00041 
0 0.2 12.4 168 55 700 0.00016 e = }3.1% 
- 50 11.8 1.7.5 118 52 800 0.000029 
-100 ,6.9 }0.7 68 54 600 0.00000020 
-108 6.9 35.0 60 
-13} 0 0 35 
-150 0 0 18 
-168 0 0 0 
, .. 
;. 
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Seotion 3. Results from a Borehole sunk at Gamston, 
Nottinghamshire 
1. Objeot. The objeot of the work desoribed in this seotion 
is to examine 'means of relating the results of wire line 
logging of boreholesto porosity and permeability values 
of seotions in the Bunter Sandstones and in sandstones 
of similar type. 
2. Field and Laboratory Work. A oored borehole. which 
provided the samples for porosity determinations and the 
section for wire line logging, was sunk at Gamston, 
North Nottinghamshire, (approx. SK 703766). The choioe 
of this site was decided by the faot that it is situated 
in the confined part of the aquifer, olose to the outorop 
of the Bunter, and thus gives the full thiokness of that 
formation for a moderats total depth of hole. It is 
also the site of one of the 12 observation boreholes 
aunk by the Trent River Authority, so thot the oosts of 
drilling the hole and its use for further tests, may be 
shared. 
The total depth of the hole is 70~.5 feet. From 
the surface to a depth of 96 feet, the section is 'in 
Keuper Sandstone and Marl; the base of the Bunter 
Sandstone is estimated to be at 685.5 feet; the 
lowermost 19 feet being Permian Sandstone end Marl. 
116 
An 8-inoh I.D. steel lining was inserted from the 
surfacs to a depth of 10; 'feet. while the remainder 01' the 
hole is nominally 6-inohes diameter, unlined. The first 
. 
seotion of oore was recovered at 101.67 feet, after whioh 
ooring was continuous to the bottom 01' the hole. Core 
reoovery was good in general, although losses ocourred in 
the more pebbly parts. Losses of diamonds became serious 
in these seotions and the oontraotora, Foraky Limited 01' 
Nottingham, abandoned their use and continued the hole 
satisfactorily with tungsten carbide bits. 
The level of the water in the borehole. the piezometric 
level, remained fairly constant throughout the drilling at 
apprOximately 40 feet from the aurfaos, the range being 
from 39 feet 11 inohes to 40 feet 7 inohes. Measurements 
were made onoe a day, at 7 a.m., immediately before drilling 
started. 
One-inoh diameter cores were cut trom the 6-inoh cores 
at the borehole site, vertioal and horizontal cores being 
obtained at approximately 5-feet intervals, where posaible. 
On socount of the friable nature of some of the materials, 
the grinding of core by small pebbles and to the absence 
of 6-inoh oore in some plaoes, it was not possible to 
adhere strictly to that spaoing. Uhere sufficiently long 
cores could be reoovered, two samples (A and B) were 
obtained. All excess'material left atter cutting the 
i-inch length cores was retained tor sieve'analysis and 
grain density determinations. 
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Wire-line logging of the borehole was carried out by 
Ur. 'D.'R.Reeves, Head of the Geophysics and Nucleonics 
Department, British Plastsr Board Industries, Ltd., 
using the gamma ray, neutron, high resolution density, 
\ 
resistivity and self-potential methods. 
Laboratory work carried out on core materials has 
included sieve analyses on excess i-inch core material 
and on samples taken separately from the 6-,inch core, 
grain density, dry bulk densi ty and total pOl'osi ty 
de terminations on i-inch corea. Grain density was 
found by the specific gravity bottle method. Bulk 
density was obtained for eaoh i-inoh oore from measurements 
of mean diameter and length, to give bulk volume and dry 
weight. 
Grain volume of the sample = Sample weight .:. Grain density 
• 
Pore volume = bulk volume - Grain volume 
Total Porosity '= Pore volume ~ Bulk volume 
, 
Other work has included measuremsnts of ths dimensions 
of loose grains of a number of samples, with determinations 
of sphel'icity. and thin section examination of seven 
samples representing different size grades. 
3. Arrangement of the Resu~~. Table A.3.i, in the appendix, 
is a lithological log which includes all data relating to 
the samples examined in ea9h lithological section of the 
core, the numbering of which is 1 to 141 downwards from 
the top of the Bunter. The depth to the base of each 
section is noted in column 2. Columns 4 and 5 give the 
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results of the laboratory work described above. ~he 
methods used to obtsin the results given in columns 6, 
7, 8, 1', 14 and 15 are dealt with in later paragraphs. 
Median grain diameter, columns 9 and 16, was found from 
sieve analysis of excess material obtained from i-inch 
cores and samples taken from the 6-inch core at the deptha 
stated. The lithologioal ~bols given in oolumns 10 and 
17 correspo~d to the six grades, b J to [5 J. determined 
on the results of sieve analyses. Grain size and its 
relationship to porosity in samples are disoussed in 
poragraph ·4. 
~he table A.,.2gives details of the results of the 
laboratory de terminations for eaoh sample. 
Other data are given in the tables of analyses in 
which they have been used, and referenoe to them will be 
made during discussion of the analyses. 
4. Grain Size and its relationship to PorOSity. In table A.,.' 
the cumulative mean median grain diameter at eoch 
lithologioal division. calculated from the base of the 
Bunter Sandstone. is given. The values of unit median 
diameter in column 5 are derived from the mean i-inch and 
6-inch oore values determined in the laboratory and entered 
in table A.,.i. For any chosen intervol. the median 
diameter may be found by dividing the differenoe between 
the two values in column 7 by the difference between the 
c~rresponding values in column 4. For example, between 
seotions 20 and 69, the mean median diameter = 0.268 mm •• 
whioh represents the coaraest and most porous part of the 
l'i'9 . 
bOl'obol0. ~bs ClSan 1!I041an <llcmeter tOJ] the full O:.1otelJ' 
aectloa 10 0.2t. dill. 
It' the cediaa for tile Dunt ... aeotion 10 to:lna f'l'Om tho 
sum ot the ~roa~ot. ot lIIedian elee tOl1 eacb .lee group ana 
t~ Dorcent.cs cootrlbQUon ot eaol'l arouv. 1t 1. O.;!7 ..... 
ee given 10 the tablo beloQ. 
Gls. Group ~ Oontl'lb'.ltioD O.O.D. ot Group (2) z (.1) 
(t) (2) 0) 
- -
[t] '.51 ~::~~0.7S 2.64 
Cli] 14.21 0.'9 5.55 
['-1 59.53 0.25 14.07 
[:s-] 20.~ 0.19 .3.87 
[4 J 2.00 O.H O.~2 
[5 ] 0.45 0.077 0.0} 
l!:ote1. 100.00;3 27.10 
[JOBn 0.27 
-
... _~_1 
-=. : 
that, ln t~o f1ret coae, the m~cn of ooob llthQ1oalcol 
sootton _08 woigbte4 cocoralnO to ~be tbl~kne8. Qf the 
aootion, whoreaa, ln the c80on6 cOGe, the aOQQ 1118410D, tor 
oach 81to Cro~D 10 tbo orlt~etloo1 moon of 011 a.to~nntlonp 
~b1. !ettor c:etbod of •• t1motl06 
•• alno gL'Bin 81eee tOL' Dubllah~ "80ti008. alth(l'.lgb l}1'11na 
a uaetQl QD~roslcote reealt. ro~ul~o cQ~e ln ita 
Ol/VUo::.Uon. 
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Table '.1, in the text, summarises the results of the 
aieve analyses made on 167 samples obtained from cores. 
while the cumulative percentage curves are drawn in fig. ,.1. 
Group (1J is composed of pebbly, coar~e sand. Its variable 
nature is indicated by the two sampleo recorded in the table. 
To obtsin an estimate of the mean values for this grade. a 
large number of samples would be needed, considerably more 
than the oores oould provide. The lower limit of thia 
grade has been set at 0.42 mm. It gradeS'into group [2J, 
in whioh'smaller pebbles occur and in'which the mean grain 
size of sand is less than in group [11. In the grou'p [,~ • 
the reduotion of pebble frequency and size and of sand size. 
compsred with group [2J, Oocurs, while in the remainder'of 
the groups pebbles are virtually absent and there iD a 
progressive reduotion in oand oize. The resul ts are 
similar to those obtained from the outcrop area between 
Nottingham and Retford (Brown.p.90). In the case of the 
Gamston borehole, however, the two finest grades, L4] and 
[5J. are coarsel' than the correoponding grades of the 
previous study. The results of the two oases are not 
striotly oomparable. since one ooversa relatively large 
area, inc~uding parts of a large number of different 
vertioal seotions, while the other ia conoel'lied with a 
single vertical section. The differences noted may be 
peculiar to the conditions at the borehole site and no 
significanoe msy be attached to them. 
A relationship connecting porosity with log median 
diameter of the i-inch core camples is shown in fig. ,." 
according to the equation, 
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% Porosity = 54~04 + 32.03 log med. dia.(mm.) •••••• (1) 
for which the correlation coeffioient is 94.9%. The points 
marked thus 0 are not inoluded in the relationship, on 
sccount of the visually high cement content; which renders 
them untypical of the material as a whole. 
The maximum mean diameter included in the relationship 
is about 0.31 mm., since the larger material associated 
with the more pebbly beds could not be extracted with the 
1-inch diamond bite on account of the grinding action on 
the core by small pebbles set free by the drilling. 
The increase in the coefficient of sorting with 
increasing mean grain diameter is indicative that the 
relationship holds good for the more pebbly beds. 
Alternative evidence in support of this is given by the 
fact that gamma ray c.p.s. values decrease, indicating 
increasing porosity, with increase of grain size of the 
material. The last point is illustrated best by a log of 
part of a borehole in the Bunter Sandstone at Stapleford, 
fig. 3.3, in which the lowest gamma yray values occur in 
the pebbly parts of the beds., 
Assuming then, that the relationship is valid for the 
coarser materials, outside the range of those sampled for 
porosity determinationa, values of porosity have been 
assigned to the pebbly sections in tables A.3.1, A.3.4 
andA.3.5. 
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5. Relationship between Porosity and Dry Bulk Density.. 
A linear relationship exists between percentage porosity 
and dry bulk density aocording to the equation, 
Bulk Density = 2.66 - 0.027(% Porosity) ••••••• (2) 
This results from the determinations of these two 
properties on 201 cores, comprising repreaentatives from the 
size groups (2J to Cs). A summary of the results is given 
below and the re la tionship is shown graphically in fig. 3.15: -
N = 201 
g 
= 1.78 Dry bulk densi ty 
R = 86.1~b 
S = 0.07 
2S = 0.14 
D.H.Davis (p.105, fig.1) gives a relationahip between 
dry bulk density and porosity for sandstones from several 
localities and of several ages, based on experimental work, of 
Porosity = Bulk Density] x 100, in which 
2.65 
2.65 is the grain density, probably assumed. This 
expression reduces to Porosity = 100 - 37.8 x Bulk Density. 
Tickell (p.30) quotes a similar relationship, found 
by Branner, of 
Porosity = 104 - 40 x Bulk Density. 
'. 
A comparison of values of porosity, covering the full 
range, found from the above two equations of Davis and 
Branner and those obtained by the relationship (2) given 
above, whioh may be transposed to PorOSity = 98.1 - 37 x Bulk 
Density, and with direct laboratory determinations, is given 
below. 
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Bulk Percentage Porosity 
Sample No. Densi ty Davis Branner Equation (2) 
Laboratory 
103 V 1.756 33.6 33.8 33.5 33.5 
144 V 1.678 36.6 36.9 36.4- 36.8 
210 V 1.624- 38.6 39.0 38.4- 38.4-
521 V 1.975 2503 25.0 25.4- 25.7 
54-2 H 1.821 31.2 31.2 31.1 30.4-
689.5 H 2.337 11.7 10.5 12.0 13.0 
690.5 V 2.279 13.9 13.8 14-.2 14-.6 
Generally, the coaraer the material, the lower the bulk 
density and the greater the porOsity. This ~eneral rule ia 
modified by the oarbonate oement, whioh affacts the ooarser 
grades more than the finer, when the bulk density of coarse 
material may approach the values of the finer, more oompact, 
more mioaoeous materials of group [5J. The effects of 
oement on porosity aj:'e oonsidered in more detail in e later 
paragraph. 
6. Correlation of Porosity with ITire Line Logs. Ten values 
of porOSity, obtained from laborato1:'y determinations on 
• 
i-inch cores, representing the full range of values over the 
thickness of Bunter Sandatone, were related to the o.p.s. 
values at the same depths of the gamma ray, neutron and high 
resolution density logs. In the case of the neutron log, 
the correaponding gamma ray c.p.s. value was deduoted, to 
give a result representing hydrogen present in water. The 
depths and values used in making the correlation are as 
fcllows:-
IM 
-' 
Depth % Gamma R. Neutron N. -G.R." H.R.Density 
( feet) Porosity a./v. s. c. p. s. c.p.a. O._R_S. 
150 24.0 61.0 868 807 7 127.5 
198 }5.0 41.0 880 8}9 7 502.5 
272 }6.1 }9.0 908 869 7 450.0 
}OO }8.5 32.5 882 849.5 7 }75.0 
}2} 29.5 52.5 868 815.5 7 }00.0 
.! '·341 25.8 52.5 880 827.5 7 2}2.5 
4}0 29.0 55.0 872 817 7 315.0 
4}7 3}.0 40,0 882 842 8 6}7.5 
542 30.2 46,0 842 796 7 210.0 
620 35.5 42.5 " 884 841.5 7 285.9 
A "mul'tiple oorrelation between porosity, gamma ray and 
neutron (adjusted for gamma ray) was made, with results 
summarised in table }.2 below. 
Table 3.2. Summary of Results of Correlations between 
Porosity and Wire line Log c.p.s. values 
Porosity G.R. N H.R.D. G.R./N. 
X1 X2 X3 X4 ~X3 
N 1\> 10 10 10 10 
Mean }1.66 46.20 830.4 7 343.5 
Coeffioients a 55.13 -102.86 -112.27 44.34 
b -0.508 0.16 0.0196 -0.49 = 0.012 
Coeff. Coreel. 94.3 74.8 62.9 94.9 ]v 
St. Deviation 1.48 2.98 }.5 
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The four equations resulting from the analysis are 
X1 = 55.13 0.508 X2 •••••.........• (3) 
X1 = -102.86 + 0.16 ' X3 ••.•.••........ ( ~) 
X1 = -112.27' + 0.0196 X4 ••.•.••. ~ .•...• (5) 
X1 = 44.34 0'49 x2 + 0.012 X3 ••..•••• ( 6) 
The best correlations occurred between porosity and 
gamma ray and between porosity and gamma ray/neutron, the 
latter giving a slight improvement on the former. For the 
multiple correlation, t = 8.61; at the 0.1% level, t = 5.0, 
for 8 degreea of freedom. indicating a highly significant 
correlation. 
7. Analysis of Wire'line Logs. For each lithologieal division 
shown in table A.3.1, the c.p.s. at 0.5 ft. intervals was 
measured for the gamma ray and neatron logs and the meAn 
v",lues for each division applied to the equations (3), (4) 
and (6) to find mean porosities. These results are given in 
columns 5, 6 and 7 of table A.3.4 for gamma ray. neutron and 
gamma ray/neutron, respectively. From the analyais log 
supplied by B.P.B.Industries. giving the estimated values of 
porosity for continuous sections of tho borehole, the mean 
porosity voluos oorresponding to the above lithological 
d~visions were found a~d entered in column 8 of table A.3.4. 
I~ column 9 are the mean porosities determined in the 
laboratory. The weig~ted mean ~orosity for each of the 
f~ve source~ for the full thickn~ss of Bunter beds sre given 
i~ table A.3.4 and ore,repeated os follows:-
.,. 
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Summa~y Table or Porosities der.tved from 
17ire line Logs. (Ref. Table A.3.4), 
G.R. N. G.R./N. D.P.B. Core 
Uean por-
osity for 
full thick- 32.7 31.1 32.7 28.0 33.8 
of , ness 
Bunter Sst. 
The value of porosi ty for any seleoted interval, by any of 
the five methods, may be found by dividing the differenoe 
between the figures in the, appropriate oolumns 10 - 14 
(Table A.3.4) for the selected interval by the thickness of 
the interval. The oumulative value from the top may be 
found by division of the appropriate cumulative (thickneso x 
po~o.f!i~y) value by the corresponding oumulative thioknesss. 
From the cumulative values entered on the table, a general 
reduction of porosity with depth is indicated. 
A graphioal representation of porOsity, showing the 
values of columns 7 (Gamma Ray/ Neutron) and 8 (B.P.B.) of 
table A.3.4, and the values, for intervals of apprOximately 
50 feet, given in tableA.'.4, i9 shown in fig.A.3.t 
gith regard to the values of porosity given in the above 
summary table, those derived from the gamma ray and the 
gamma ray/neutron equations are probably the most accurate. 
The mean core value may be high on aocount of the fact that 
i-inch cores may not represent the body of rook. 17hcre 
oore values are not available, values obtained from equation (1) 
were inserted. The fractions affeoted ohiefly in this respeot 
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are the coarser grades, especially those which tend to contain 
cement in excess of the mean. Values of porosity determined 
from equation (1) have assumed caloi te cement of 6. 7~L If 
the amount of cement is, greater than this in the rock, the 
estimate of poroaity will be too high. 
A demonstration of the closeness of agreement between 
core valuea and the equation (3) valu~is given at the end 
of this paragraph. 
In considering the, mean values given, their relationship 
to ,the mean Brain size of. the sandstone is of relevanoe. 
Using equation (1) to calculate grain size ,for the mean 
porosities, the results are as follows:-
G.R. N. G.R./N. B. P. B. Core 
% Porosity 28.0 
Mean M.G.D. .21 .19 .21 .15 
(mm. ) 
The mean value of median grain diallleter for the full 
section has been found to be 0.24 mm. (Table A.3.3), the 
oorresponding calculated value of porosity being 34.2~, at 
approx. 6.7% cement. 
Referring to fig. 3.2, for a poroaity of 28j~ (B.P.B.) 
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and a grain size of 0.24 mm., the, percentage of cement would 
be nearly 15%,' which is' excessive for the borehole average. 
With an average of 6.7% cement, the mean grain size of 0.15 mm. 
ia too low and would indicate that the average grade of sand 
war'e of group [3-], whi'ch represents 20.3% of the total section, 
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whereas, in fact, the true average of·0.?4 mm •. occurs in the 
modGl group U~ oooupying 59.53% of the total. 
;It appears, therefore, that the· B.f.13 •. estimates of 
porosity are low on average. An analysis 0 l' the 
discrepancies between the porosities determined by B.P.B. 
end those oaloulated from the gamma ray estimating equetion ('~" 
. 
is given in paragraph 9. 
In order.to illustrate the agreement that exiats between 
the (lore values of ~orosity and those determined from the 
regression equation (3) ,tests were made on two seotions of 
the Gamston borehole oore, between the depths of 360 and 
. 372 feet and between 450 and 453 feet. These seotions were 
selected by Yr. Reeves, of B.P.B. Ltd., as being the most 
suitable parts of the gamma ray log to test. 
1-inoh oores were cut from the 6-inoh core at 
approximately ~~inch int~rvals at the depths indicated in 
. . 
tables 3.4 and 3.5. Two samples were obtained from a 1.-inoh 
diameter core in a number of cases. Bulk density and 
porosity deterlllinations 'l1ere made on eaoh l'am)'le, deen in 
columns 6 and 7 of the tables ,.4 and 3.5. 
Porosity waa found from equation (3), oolumn 2. 
The logs over the relevant sections have been reproduced 
in fig. 3.4 and 3.5. Referring to fig. '.4, the c.p.s. 
values between 360 and 365 feet are relatively high compared 
with the next section between 365 and 367 feet. The mean 
values obtsined f:r'OQl the log are 31.7 and 36.9% porosi ty, 
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respectively and from the cores 33.5 and 35.95&, respectively. 
In the section between 367 and 372 feet values are variable, 
from relatively high to low, returning to high. The 
differences between the log and the core from 367.5 to 369 feet 
are grest. This may be explained by variation in the 
lithology between core and ground, as mentioned in 
paragraph 8. Over the remainder of this section sgreement 
is good. 
Considering the grand means of this three-part section 
of variable materisl~ the log has a mean porosity of 33.2% 
and the ·core 32~9%. The B.P.B. Analysis Log gives a constant 
value of 28% for the interval between depths 321 and 424 feet, 
table A~3~4, which would indicate an average grain size of 
only O.~ 14 mm. a t 6~ 7% cement. The mean median grain size 
in this section ia 0 .• 262 mm. and the mean cement percentage 
just under 7%; and it would appear thst 28% porosity ia low. 
In the section between 450 and 453 feet, to which 
table 3~5 and fig~ 3.5 refer, the mean porosity of the 14 core 
samples is 33~3~, compared with 34.8% for the log. However, 
two core samples at 451.5 feet represent very local fine-
grained asnd~ which would not be recorded by the log. 
Omitting these two samples, the mean core valus is 34~7%. 
) 
The summsry table of the results of these two test 
sections is given below:-
Depth (feet) Percentage Porosity 
Core Log B.P.B. 
360 
- 372 32.9 33~2 28.0 
450 
- 1053 34.7 34.8 30.7 
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The results of an analyaia,of varia~ce of the results 
between 360 and 372 feet are given in the following table:-
Variation Degrees Freedom Est. Variance 
Between Col. means 1.49 
208.62 Within Col. means 
Total 210.11 
F = = 0.400 
1 
56 
57 
F at 0!40 is less than the critical value of 4.001 at 
the 5% level (n1 = 1i n2 = 60) and less than 7.077 at the 
1% level • 
. 
The difference between the two sets of observations, 
core and gamma ray equation (3) is not signifioan~ therefore. 
8. Second Analysi~ o~ Gamma Ray Log. Gamston. The variations 
of the Gamma Ray reanings do not everywhere coincide with 
the variations in lithology seen in the 6-inch core. The 
probable explanation of this is that the area from wM.;;h 
signals ore received is considerably greater than ~he 
cross-sectional area of the core and that the mean lithology 
of the former area may differ from the mean lithology of the 
core at the same horizon. That rapid and drastic chsnges 
on the field soale take place is shown in surface exposures 
(Brown) and oonsiderable variation Oocurs in 1~inch oores 
both in grade size and percentage of oement. 
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In order to examine the effect of the different 
grouping ot values a second analysis of t~e gamma rsy log 
was made,' with grouping aooording to the variations in the 
c.p.s. values. not aooording to the 11thologioal changes of 
the 6-inoh core, ss was done in the analysis of p&r~graph 7. 
, , 
The details of the seoond analysiS are given in table A.3.5. 
Por caloulating the ,porosity the equation (3) was simplified 
slightly to (p = 55 - O~SX) without serious error, to 
faoilitate mental oalculation of the porosity values. The 
mean porosity for the full seotion oomes to 32.8%, oompared 
to' 32.7% in the previous case. 
9. Analysis of Discrepancies between Values of Porosity obtained 
by Gamma Ray Equation and by B~P.B.Analysis~ . The size and 
nature of the discrepancies which occur in the values of 
porOSity found by the use of the estimating equation (3) and 
those reported by the B.P.B~ analysis of the wire line logs, 
are examined. 
Prom table A.3.4, the mean vs'lues of porosity by the 
twci methods have been found over vertical intervals averaging 
" , 
approximately 50 feet. These values, with the differences 
between the two, are given on the left side of table 3.?>. 
.. , 
When thediscrepancie s (lti~) 'and the 109 of B. P. B. porosi ties 
(X2 ) are examined, the relationship between them is 
X1 = -39.0 + 2~.e.:6:2 ' .............. ( 7) 
as shown in fig. 3.6. 'The hori~ontal 'line represents the 
equation (3), from whicn the discrepancies are measured. 
At about porosity of 44%. the values by the two methods 
oOincide. Por values ls~s than 44%, the B.P.B. porosity 
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is less than (-) that obtained from equation (3), increaaing 
with reduction of porosity. The B.P.B. value is greater 
than (+) for values above 44%. 
Table 3.6 gives the calculated values of poroaity from 
equation (3) and the mean over approximate~ the same 
intervals from the B.P.B. analysis of borehole 5 at Edwinstowe, 
sunk by the Uater Resources Board. In this case, a similar 
relationship is found between the discrepancies (X1 ) and the 
log B.P.B. porosity (X2 ), the equation being 
X1 = -45.71 + 30.74 X2 •••••••••.••• (8). 
The pOint of oOincidence of porosity is at approximately 
The relations between the two sets of results above 
and below this point ore similar to those for Gamston. 
The natural scale plotting of the two equations (7) and 
(8) is shown in fig. 3.7, in relation to the gamma ray 
equation (3). It indicatas the rapid divergence for higher 
c.p.s. values or for relatively low porosity materials. 
The relations shown ore approximats. They hove no 
special application, but indicate that the discrepancies 
vary systematioally for a single borehole and are different, 
although of the ssme type, from one borehole to another. 
That is, a mean discrepancy of +5~; porOSity, say, for one 
borehole cannot be intol'preted to mean that the same 
discrepancy occurs uniformly throughout that hole or that 
it may be assumed to spply to all boreholes penetrating 
similar rocks. 
-------
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The fact that the mean discrepancy between equation (}) 
and the mean B.P.B. value at Edinstowe is no more thEm o. 7'j~, 
(see tsble below), cannot be taken to indicate that the results 
to be expected from the two methods will be aimilar throughout 
that particular borehole or in othera. It ia by chance alone 
that the mean values in this case are cloae to the point where 
the two lines (3) and (8) intersect. 
A summary of the mean values for Gamston and Edwinstowe 
are below:-
Gamston Edwinstowe 
Mean'B.P.B. Porosity 28 30.1 
Log B.P.B. Poroe1ty 1.447 1.479 
Mea.n Porosity, Equ. (3) 32.7 }0.8 
Discrepa.ncy 
-4.7 -0.7 
The trends taken by the diaorepanoies are explained by 
the way in whioh porosity values are applied to the wire line 
log and hence on the calibration of the log scale. 
The development of the relationship between porosity and 
gamma ray C.P.S. has been dealt with above and no further 
expl~nation is required. 
In regard to the porosity values applied by B.P.B., in 
brief, one value is given to a section of the log which 
appears to be nolean", or relatively free from clay. This 
has a relatively low o.p.s. value and a high p,oroaity rating. 
Another value is applied to a·point on the log which 
representa a high oontent of cley, with high c.p.s. value 
and low porosity. 
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In the diagram, fig., ,.8, if,. at the point A" the 
porosity by both methods is 30%" being in a relatively clean 
soction, and the value applied to a olayey section by B.P.B., 
a,t ,e is 5);., while at the same point the porosity is 10% by 
'eq~a'tion (3), then the subdivision of the interval A - B, 
and beyond these limi ts,' ,will be different for the two 
methods. The discrepancies are shown on the right at 5~ 
intervals on the agamma ray" scale; they ore negative on 
one side of A and positive on the other. The trend of the 
discrepancy is of the form shown in fig. 3.6. 
It is clear that the point of cOi,ncidenoe, if there is 
one, corresponding to A on different logs is arrived at by 
chance, so that the disorepanoy at any partioular value of 
porosity is also different. 
10. Relationship between Porosity and Permeability. An 
approximate re lationship between porosi ty and peI'meabili ty 
has been obtained of 
Log P = 0.0736 Po - 0.36 e. ..••.•..• ( 9) 
The line having this equation is drawn in fig. 3.9 
and it is derived partly from a relationship based on 
expermental work on the Cow Run Sands in West Virginia 
, , 
(Griffiths) • Griffiths found that the principal factors 
affecting porosity were grain size and the amounts of 
silioa and carbonate cements. Porosity inoreased with 
incresse of grain size and decreased with increase of 
cement. This is in accord with the findings regarding the 
Bunter Sandstone and it is the basis for adopting a 
relationahip between porosity and permeability. Griffiths 
-------------- -------------------------------------------------------
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measured grains mioroscopically and oarbonate cement by 
,alkalimeter" but the different methods adopted do not 
influence the relationship. 
The position of the key point, ciroled in .fig. 3.9. 
on the line was found by applying the equation for oategory 
2 wells (ref., Seotion 2 of the thosis) for confined aquifers, 
to determine permeability, while the mean value of porosit::-
for the borehole was found fr,om equation (8) as des~ri'oed 
above. 
From the category 2 equation, viz., 
Transmissibility = 32342.1 - 4234164.8 x 1 + 129. 3t, ••• (10) o 
where c = th:fokness of impermeable oover over the aquifer, feet. 
t = thiokness of the confined aquifer, feet, 
Permeability = 109.3 g.p.d./sq.ft. 
From equation (8), Mean Poroaity = 32.7%. 
The interseotion of the line with the Y-axis (porosity) 
ia more arbitrarily fixed at 5%. Materials in the size 
group [51, whioh have porosities between 12 and 18%, contain 
up to about 5% cement, which is indicative of relatively 
low permeability. Coarser, more porous, materials have. 
measured cement peroentagea of over 2~.\ and this figure may 
be exceeded for coaraer grades not examined for cement. 
The position of the lower point on the graph is of less 
importance than the upper pOint, for, if placed at 10~'.\, 
instead of 5%, the difference in permeability would be small 
until very high values of porosity of 38% or more were 
reached. At 15% porosity, for example, the difference 
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would be 2.6 permeability; at 25%, 6.5 difference; at 
'35%, 12 differenoe; at 38%, 47 differenoe (315 - 268); 
at 40%, 100 differenoe, (470 -370). 
The values of permeability corresponding to poros;ty 
in table 3.3 have been caloulated with the equation (9). 
Column 8 indioates the wide variation in permeability 
between the intervals. The progrossive reduction of 
premeability and porosity with inorease of depth is marked. 
The mean caloulated permeability is 112.8, using an 
aquifer thickness of 580.5 fect, the th.iokness for which 
values are available, compared with 109.3, for the full 
thickness of 589.5 feet, by direct use of the e~uation (10) 
.., 
for category 2. Using equation (9) and porosity of 
32.7%, permeability is.111.3. 
., .. 
Aa a comparison, the permeability for the full 
thickness at a neighbouring borehole a t Gam~ton (No. 196), 
SK 712 753, has been calculated at 100.7 g.p.d./sq.fQot. 
. ' 
A category 1 equation hss been used to obtain this value. 
11. Influence of Carbonate Cement on the Porosity. In table 3.7 
the percentages of oaloite determined from mioroscope pOint 
counts in 7 slides are given in column 2, the laboratory 
determined porosities of the cores from which thin sections 
were made are in column 3 and median grain diameter from 
surplus core msteri~, in column 5. Figure 3.10 indicates 
tha~approximate linear relationship holds, aocording to 
the equation, 
191 
•••••••• ( 11 ) 
for which r = 92.6% and S = 2~14, involving aamples 
1 - 6. inclusive. irrespective of grain size. Sample 7. 
a finer-grained materisl. does not conform to this law and 
the relationship is valid on~y for median grain sizes of 
over approximately 0.1 mm. 
Since the calcite is present as a cement snd does not 
replace any other mineral or rock. removal of the calcite 
would give'porosity values shown in column 4, ~L~' 3.7. 
The relationship between the values of porosity at O)~ calcite 
(Xi) and log median grain diamet~r (X2 ) is a stra.ight line, 
Xi = 55.7 + 26.3 X2 •••••••• (12) 
nearly parallel to the line given by equation (1). The 
pr,obab~lit! is that the two ourves are in fact parallel. 
The line (12) has been swung about the mean value of 35.2~~ 
porosity, to make it parallel to (1). so thst it now has 
the value, 
.~ •••••• (13) 
The relationship between percentage caloite and 
deviations of' pOl'osi ty from the 0% oalci te line sre given 
, ' 
by the equa tion 
....•..• , ( 14) 
shown in fig. 3.11, and has been adjusted to pass through 
the origin, becoming 
= ••.••..•• ( 15) 
Values of deviations of porosity from the 0% oalcite 
line for 5% increases of calcite are sho~n on fig. 3.2. 
1US. ' 
These results do not apply ~o the texturally different 
. . . . . . 
rocka of finer grain in Group [5J aa samplo 267.,25. for 
oxample, and the 11ne for 5% calcite has been bent down 
along the 0".1 mm. ordinate. together with lines of higher 
value. The finer-grained. group [5}. rocks do not contain 
more than 5~~ caloite cement, while the coarser. more porous 
and more permeable representatives contain up to 24%. or 
prehaps mOl'e 1n the case of rocks coarser than those 
examined 'in i-inch cores. The scatter of points on the 
graph. fig. ~ •. 2. 1s explained. therefore. by the v'ariation 
1n content ef calcite ce'ment; an apprOximate value of the 
amount of cement in 0 sample may be found from 'the graph, 
or from the equations g1ven above. 
The values used in the determinat~on of the 
relationships discussed above are shown 1n the follOwing 
table:,:" 
Tuble 3.7. Carbon.ate Cement in Thin. Sections 
Ssmple No. ~~ Caloite "I Porosity Estimated Median· 10 
Cemont % Poros1ty Grain 
(112) '(Xi) 'atO)"5 Cement Db. (mm.: 
(1) (2) . 0) (4) ( 5) 
533 22.5· 23.2 43.9 .31 
454- 20.6 20.2 39.8 .23 
178 8.8 32.6 39.1 .22 
152.5 3.6 34.2 36.7 .19 
678.5 24.0 19.5 36.4- .18 
653 8.7 28.0 32.9· .13 
Means 15.0 26.3 .21 
267.25 3 + 18.9 20 ·05 
-------- -- - - ~ 
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12. Faotors influencing Porcsi ty. In considering the factors 
which influence porosity in the rock mass, the depth of 
burial, representing the pressure of the ovarlying rocks; 
the thickness of the confined aquifer; the grain size and 
the amount of cementing material ore examined individually 
and collectively by multiple correlation. The cumulative 
values from the base of the Bunter in 50 feet steps form 
the basis of the correlations, the data for which are 
T,able 3.8, below, summarises the 
results of correlations between the above factors. 
The highest correlation coefficient is 
To determine the influence of 
X4 and X5 acting together on Xi' X4 acting alone accounts 
2 for 55.31% of the total sum of squares of Xi (r14 = 55.31), 
or when X
4 
alone is considered the unexplained variation 
is 44.69%. 2 33.36% mesns that X5 reduces the '1:.~ 
unexplained sum of squares by an addi tional 33.36%, or 
The total, 55.31 + 14.91 = 70.22% 
2 
equals the coafficient of determination R1 • 45 • Therefore, 
X4 and X5 together account for 70.22% of the variability 
of Xi' the percentage of each being 55.31 and 14.91, 
reapectively. 
The relationship between cement (X5) and porosity (Xi) 
is different in the groupad samples from that in individual 
samples. In the former case, low cement is asaociated 
with low porosity, but at the lower part of the borehole, 
where the low porosity is due to the small grain size, 
not to a high cement content. 
for the Bunter Sandstone. 
This relationship is normal 
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A relationship involving percentage cement cannot be 
used for the purpose of estimating porosity directly. since 
the amount and distribution of cement in the Bunter 
Sandstone is not known. However, if porosity can be 
estimated by an alternative method, inferences may be 
drawn regarding the cement. If porosity values are high 
there is no problem, since the amount of cement is likely 
to be small. In the case of low porosity over a 
considerable thickness, a decision must be reached as to 
whe ther it is caused by high ceDlent or by fine grain. The 
position of the section in the formation and its 
geographical locality should enable this point to be 
se'ttled. It appears that the cement occurs patchily and 
sections of over about 2 feet in thickness are unlikely 
to have low porosity on account of high cement content~ 
The practical interest in this matter concerns the 
,possibility of removing carbonate cement in any situation 
in order to improve permeabili ty. 
In regard to both grain size and cement, when samples 
are considered separately, the ef-fects of the values of 
, , 
these two factors on porosi ty are considerable, ,as referenoe 
to fig. 3.2 indicates. 
When they are considered in their correct 
stratigraphical positions and groupe~, as in table:oA.3.6, 
the influence of extreme valuea 15 relatively less, ea 
they are merged with others into the mesns of the 50 feet 
seotions. A comparison of the correlation coefficients 
in the two csses illustrates this point:-
(a) Grain Si ze 
Ungrouped. 
Grouped 
(Table 3.8) 
(b) Percentage Cement 
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Poroaity = 54.04 + 32.03 log Med. Dia. 
r = 94.9 : S = 2.27 
Porosity = 32.09 + 1.45 log Med. Dia. 
r = 3.2: S = 1.66 
Ungrouped Samples. Porosity = 36.23 - 0.67 (% Cement) 
r = 9?6 : S = 2.14 
Grouped Samples. Porosi ty = 15.94 + 2,034 ()U Cement) 
r = 78.4 S = 1.02 
If the frequency curves in the four cases above are drawn, 
the explanation for the ,reduction in influence from ungrouped 
to groupod samples is evident. 
The frequency curves of grain size and percentage cement 
for individual samples and for the same cumulative 50 ft. 
sectiona 'are shown in fi'g. 3.12 and 3.13, respectively. In 
the case of grain size, both the standard deviation and the 
coefficient of variatfon are reduced by app'roximate'ly 50% ' 
when the individual samples are/grouped into the 50 ft. aections. 
For % cement. the reduction of standard devieticn is from 3.98 
to 0.87. while the coefficient of variation falls from 60.85% 
to 13.22%. These and other values are aummarised in the 
table below:-
Factor Sampling A.M. Standard Median Pearaonian Coeff.of 
(mm.) Deviation Skewness Vaili a tl.on 
M. G. D. Individual 0.225 0.072 0.224 +0~033 31.89 
50' oum. 0.246 0.038 0.252 -0.426 '15.42 
% Cement Individual 6.54% 3.98 6.24 +0.23 60.85 
50' cum. 6.55% 0.866 6.76 -0.728 13.22 
In regard to estimation of porosity, while no expression 
contsining a term for percentage cement can be employed. the 
use of the equation relating depth (X2 ) and aquifer thickness 
(X4 ) to porosity (Xi)' 
Xi = 33.24 - 0.0068 X2 + 0.00038 X4 ••••••••••• (14) 
may be applied. Serious error should not arise from its 
use, unless mean values of % cement across the thicknesses 
examined deviate considerably from the means of the sections 
given in table A.3.6. The chances of this occurring over 
greater thicknesses than about 2 feet are slight. 
The equation (14) may be applied to find the porosity 
for the full thicknsss of the aquifer at Gamston, where 
Then. porosity = 32.71%. oompared 
with 32.7% obtained by analysis of the gamma ray/neutron 
logs (table A.3.4). 
The mean porosity for any section may be found by 
taking the differenoe of the produots of heights above the 
base for the limits of the section and the mean porosities 
of the aquifer below the seleoted heights, divided by the 
differenoe between the heights. For example, at the test 
seotion at Gamston, between the depths of 360 and 372 feet 
(ref. para. 7), for the thickness, 685.5 - 360 = 325.5 feet. 
Uean poroaity = 33.24 - 2.45 + 0.12 = 30.91% 
For the thickness, 685.5 - 372 = 313.5 feet. 
llean porosity = 33.24 - 2.53 + 0.12 = 30.83% 
~hen, for the thiokness, (372 - 360), 
(325.5 x 30.91) - (313.5 x 30.83) = 33.0% 
203 
The mean values of 'porosity obtained in this section 
from the gamma Ray/neutron log equation was 33~25~J and the 
mean of the core values = 32.9%, (table 3~4).· 
In order to obtain an indication of the possible 
usefulness of the expression (14) for estimating permeability, 
it was applied to 15 boreholes in which permesbility has 
been determined from the results of pumping tests. Taking 
the pumping test values as standard, comparison was made 
between the permeabilities Obtained from equation (14) and 
from the category 1 and 2 expressions relating 
transmissibility to thickness of confining rock, thickness 
of aquifer and lithology. 
The null hypothesis is that no significant difference 
.1 
exists between the mean permeability of the equation (14) 
and the standard permeability of the pumping tests, taking 
the value of P = 0.05· below which. the difference would be 
significant. The individual values and means are entered 
in table 3.9. 
As shown in the following table, theI'e is no 
significant difference between the means 
Category 1 
Standard deviation of the standard 59.08 
Est. Standard error o'f the difference) 25.99 
betwcen the two means) 
2 
t 0.565 . 0.254 
p 0.50 - 0.60 7.80 
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The results indioate that the Gamston equation (14) 
oould be used" if neoessary. to estimate values of 
permeability in oategory 1 and 2 oonditions. However, the 
use of the appropriate oategory equation is more satisfaotory, 
purtioularly for the applioation of values to individual 
seotions. The Gamston expression would give a good 
estimate of average conditions over an area, where 
deviations would tend towards zero. The Gamston borehole 
is of category 2, whioh explains the better reault in this 
oategory than in oategory 1. 
Sphericity of Grains. Measurements of three'dimensions at 
right angles were made on grains from samples representing 
, 
the size groups [2J to [5J. Mioa grains ore not inoluded 
and, apart from group [5J. their ooourrenoe,is negligible 
(table 3.10). The mean values of sphel'ioity for eaoh 
sample, uaing Zingg's method (Krumbein), are given in 
table 3.11. Mean values for eaoh size group ore as 
follows:-
Group No. Sum of Means Mean~ Grand Mean 
(1) (2) (:~) ( 4) ( 5) 
[2] .3 2.3} 0.777 
[3+] 2 1.47 0.735 
[3-J 4 3.06 0.765 
[4] 4 3.03 0.758 
[5 J 1 0.75 0.75 
14 10.65 0.76 
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Fig. 3. 16. Texture of Coarse Sandstone, Sample 533 H (B). 
Fig. 3.17. Texture of Fine Sandstone, Sample 267.25 H (B)~ 
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Table 3.1. Summary of Grading by Size Groupa. Gamaton Borehole 
Percentage Passing. B.8. Sieve Number Median Quer- Values Cceft 
(Diameter in Millim~tres) tilo of 
, Group Grain 25% 75% Sort-
3/16"' 7 14- 25 36 52 72 100 200 
ingo 
Q?51 (4.762) (2~411) ( 1.204) (.599) (0.422) (.295) ( .217) (.152) ( .076) Dill .• Q15 
[1] 531.5 65.34- 54.87 :54.14 32.67 20.44 8.85 ' 4.06' 2.06 0.74- 1 .• 05 20(c) 0.4-7 ~.54-
[1l518 87 •. 53 85. ,.3 79.54 63.17 4-7.09 .24-015 1.!t..19 9.97 3.71 .45 .• 95 .30 1.~ 78 
[2] 91.28 89.26 84.68 74.51 58.1'1 29.32 14-.88 9.06 3.35 .• 39 .• 60 ,.28 1.46· 
l-'~ 100 99.79 96.25 93.86 64-.55 36.56' 16.65 '5.37 .25 .32 .• 18 1 .• 33 
[3.::J 100 99.85 99.74- 99.31 97.07 84.67 60.63 33.25 7.93 .19 .• 25 .• 14- .'1 .• 33 
[4-J 100 99.91 99.66 98.49 96.06 88.79 75'.86 64-.21 28.70 .• 11 .• 18 .• 07.2 .1 .• 58 
[51 100 9 9.53 97.73 96.66 94-69 88.16 36.63 .07.1 .12 ~.068 1 .• 33 
Table 3.3. Gams ton B. H. Comparison of Poros1ties and Permeabilities over approx.50 ft. vertioal intervals 
Depth Thiok- Porosity.(Peroentage) permeab1l1ty.(g.p.d./ft2) 
neos ( feet) GammaR- B.P.B. (4-3) (2x5) (5) 2 Gamma R- B.P.B. ( 9-8) (2x10) (10) 2 
Neutron Neutron (1) (2) , (3) , (4) ( 5) ( 6) ( 7) ( 8) ( 9) ( 10) (11 ) (12) 
105 
1 ) 154.5 49.5 35.3 29.6 ' ~5.7 -282.15 32.49 166.0 63~1 -102.9 
, ' -? 093.55 1'0 588.41 
2) 205.5, 51 34.6 ' 29.0 -5.6 -285.60 31.36 147.9 57~5 - 90~4 -~ 610.40 8 172• 16 
3) 253.5 48 34.8 28.2 -6.6 ' -316.80 43.56 151.4 50.'1 -101.3 -~ 862.40 10 261.69 
4) 310 56.5 35.1 30.0 -5.1 -288.15 26.01 158.5 67.6 - 90.9 -5 135.85 8 262.81 
5) 356.5 46.5 33.3 28.5 -4.8 -223.20 23.04 117.5 52.5 - 65.0 -3 022.50 4 225.00 
6) 409.5 53 33.1 28.0 -5.1 -270.30 26.01 114.8 1~7. 9 - 66.9 -3 545.70 4 475.61 
7) 452.5 43 32.9 28.5 -404 -189.20 19.36 109.6 52.5 - 57.1 -2 455.30 3 260.41 
8) 512 59.5 31.8 29.5 -2.3 -136.85 5.29 91.2 61.7 - 29.5 -1 755.25 870.25 
9) 555 43 31.3 28.9 -2.4 -103.20 5.76 83.2 56.2 - 27.0 -1 261.00 729.00 
10) 608 53 30.5 28.0 -2.5 -132.50 6.25 74.1 47.9 - 26.2 -1 388.60 686.44 
11 ) 655 47 28.8 23.2 -5.6 -263.20 31.36 54.9 21.4 - 33.5 -1 374.50 1 122.25 
12) 685.5 30.5 28.9 21.4 -7.5 -228'.75 56.25 56.2 15.8 - 40.4 -1 232.20 1 632.16 
N '" 12 580.5 -2 719.90 306.74 -35 937.25 54 286.19 
• 
I'Q 
~ 
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The mean difference between the Gamma Ray/Neutron and 
the a.p.B. poroaities = 4.68%. 
Variance. S2 = 306.74 . -• 12 
standard Deviation, S ,= 5.05 
Student's t = 4.68 11 = 3.09 
5.05 
= 
For 11 de'grees of freedom, at 1% level, t = 3.106 
The difference between the two sets of results is 
therefore significant at the 1% le~el, indicating that 
t would be exceeded by chance only ,1 in 100 times. 
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Table 3 •. 4. Comparison of Porosities determined from Cores and 
from Gamma Ray Log. using Regression equation (55 - 0.5 c.p.s.) 
360 - 372 feet depth. Gamston B.R. 
Gamma Ray Thick- Corea 
ness 
Depth % Po Mean ( feet) Depth = Bulk "bP I 0 Mean Po 
( feet) Po Sample No. Density 
(1) (2) (3) (4) ( 5) ( 6) (7) ( 8) 
360 36 360H 1.72 35.1 
.5 35.5 360V(A) 1.76 36.3 
361 30 360V(B) 1.68 35.7 
.5 33 361.5H 1.82 31.1 
362 32.5 362H 1.88 28.9 
.5 31.5 362.25H 1.8,. 30.lt 
363 30.5 362.75H 1.76 3303 
.5 31.5 363H(A) 1.69 35.9 
36,. 32 363H(B) 1.73 34.4 
.5 32.5 364H(A) 1.71 35.2 
365 32 364H(B) 1.79 32.2 
364. 75H(A) 1.75 33.7 
31.7 ".5 36,.. 75H(B) 1.76 33.3 33.5 
365.5 37 365H 1.67 35.7 
366 37.5 365V(A) 1.67 36.8 
.5 37 365V(B) 1.66 37.2 
367 36.25 366H(A) 1.67 36.7 
366H(B) 1.72 34.8 
367H(A) 1.69 35.9 
36.9 2.0 367H(B) 1.73 34.lt 35.9 
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Table 3.~ (cont'd) 
Gamma Ray Th1ck- CoreB 
neBB 
Depth %p Mean Depth = Bulk "';P Mean Po ( feet) 0 Po Sample No. DenBity 0 
. (1) (2) (3) (4) . (5) ( 6) ( 7) ( 8) 
367 • .5 36 367 • .5H(A) 1.86 29.2 
368 33 367.5H(B) 1.90 28.1 
• .5 33 368H(1\.) 1.86 29.6 
369 32 • .5 368H(B) 1.84 ' 30.4 
• .5 32 • .5 369H(A) 1.88 28.8 
370 33 369H(B) 1.87 29.2 
• .5 32.5 369 • .5H(A) 1.79 32.2 
371 31.2.5 369 • .5H( B) 1.80 31.8 
• .5 33.2.5 370H 1.77 32 • .5 
372 34 370V 1.76 33.1 
371H 1.78 32.6 
371.5H 1.75 33.7 
33.1 5.0 372 1.75 33.7 31.1 
Grand MeanB: 360' 
- 372 ' 
31.7 x 4.5 = 142.65 33.5 x 4.5 = 150.75 
36.9 x 2.0 = 73.80 ~5.9 x 2.0 = 71.80 
33.1 x 5.0 = 165.50 31.1 x 5.0'= 1.5.5.50 
11 • .5 381.95 11 • .5 378.0.5 
Mean Po '" 33.2% Mean Po = 32.9% 
B.P.B. AnalYBis Log constant at 28.0% PoroBity over the 
above interval. 
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Table'3.S. Comparison of Porosities determined from Cores and 
from Gamma Ray Log. ueing Regression equation (55 - 0.50 c.p_ s.) 
450 - 4S3 feet depth. Gameton B.H. 
" 
. Gamma Ray Thick- ' Cores 
nees 
Depth' %p Mean ( feet) Depth = Bulk '% P Mean PI 
( 'feet.> 0 Po Sample No. Density 0 
(1) (2) (3) (4) ( 5) (6) ( 7) ( e) 
450 32 450H 1.74- ~4.1 
.5 33 4.50.5H 1.76 .p.3 
451 " 34.5 450.75H 1 .. 71 ~5.2 
.5 37.5 ,451.2.5H 1.80 ~1. 8 
iJ[ 
452 35.5 451.5H(A) 2.06 2,2.2 
lIE 
.5 35 451.5H(B) 1.93 2.1 .0 
453 36.25 451 .. 75H(A) 1.68 
, 
3,6.3 
451.75H(B)' 1.62 3~.5 
452H(A) 1.68 3~.3 
452H(B) 1.72 34. 8 
452.5H(A), 1.73 34.4 
452.5H(B), 1.75 33.7 
453H(A) 1.72, 34.8 
34.8, 3.0 453H(B) 1.'75 33. i 33.3 
a Omi t';ting 451,~5H(A) and. (B), 
whioh represent very local fmne-
grained materials, not recorded 
by the logging,' the 
mean porosity = 34.7 
B.P. B. Analysis Log; 450' 
-
452.5' = 30% Porosity 
452.5' 
- 453'+-
'" 
34% n 
Mean = 30.7% n 
------
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Table 3.6., Values of Porosity from S.P.B. Analysis and from 
Gamma-ray/Porosity Relationship_ Edwinstowe Borehole (5) 
Seotion Depth Gamma Ray Porosity Mean B.P.S. Dis-
No. ( feet) (c.p.s.) % Porosity Depth Poros- ci'ep· 
ity ancy 
(1) (2) (3) ( 4) ( 5) (6) ( 7) ( 8) 
Casing o - 36.5 
Above t' ~6·2-108·2 w. • 
1 111 39.30 35.2 
2 120.5 44!35 3?6 ~~.1 120.5 28 -:2. 1 
3 123.5 39.85 34.9 
4 130~5 42~95 33.3 ~~.8 130 ~2 +1:2 
5 132 57.25 26.0 26.0 131.75 16 -10.0 
6 134!5 50~10 2~.7 22·1 134.75 ~2 +2.~ I 
7 1.36 65.15 22.0 22.0 136.25 12 -10.0 I 
8 160 42~85 33.4 ~~.~ 159.75 ~2 +1~6 
9 161.5 60.25 24.5 2~~2 161.5 18 -6. 2 ~ 
10 193 43~30 ~~.1 ~~.1 180.75 
'Ol 190 34 31.3 -1.8 I 
193.25 32 
11 194.5 56.15 26.6 26.6 194 28 +1.9: I 
12 219.5 43.75 3~.8 
13 221 67.50 20.8 ~2.1 222 ~1 -1.1 
14 2.32 46.85 31.3 31. 3 . 223.5 
231.5 
10~ , 
32 28'2 -2.8 
15 234, 70.10 19.5 
16 2.37 60.10 24.6 22.6 236.5 16 -6.6 
, ' , 
17 242 44.65 32.4 ~2.~ 242.5 ~2 +2.6 
18 243.5 79;00 15.0 12. 0 243.75. 0 -12;0 
19 246 59.20 25.1 
20 247 42.50 33.5 
21 249 54.70 27.3 27.4 249 27 -0.4 
Thickness Means .30.8 30.1 
140.5' 
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Table 3.10 Summary of Properties of Thin-Seotioned Samples 
Modal Analysis Dry Bulk Median 
Sample Porosity Densit, ~rain Size 
No. % gm./om Dia. Group Quartz Felspara Quartzi tea Mioas Matrix Caloite (mm.) etc. Cement 
533H(B) 19.3 30.6 20.5 0.2 4.8 22.5 23.2 2.05 '.31 2 
454H(B) 32.5 24.6 19.3 
-
3.1 20.6 20.2 2.11 ,.23 3+ 
178V(B) 29.5 32.7 18.6 1.8 8.6 8.8 32.6 1.79 ".22 3+ 
152.5H(B) 28'.0 29.1 28.3 2.4 8.7 3.6 34.2 1.74 .19 3- 10 c:,;) ,,, 
678.5H(B) 31.0 25.4 15.3 4.2 24.0 19.5 2.05 .18 3-
653H(B) 26.0 31.6 27.4 1.0 5.0 8.7 26.0 1.91 .13 4 
Means 27.7 29.0 21.6 0.9 5.7 14.-1 26.3 1.94 .21 
267.25H(A) 3.0 18.0 .05 5 
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Table A.3.6. Data for Multiple Correlation of Porosity, Depth, 
Thickness, Log Grain Size and Percentage Cement • 
Section . % Porosi tyvDepth to Mean Log Thickness Percentage 
No. Gamma Ray! top of Median of Cement 
Neutron .. Section Grain Dia Section 
(feet) 
Xl X2 X3 X4 X5 
1 32.7 96 -0.6216 589.5 6.5 
2 32.4 135.5 -0.6180 550 6.7 
3 32.3 .185.5 -0.5918 500 6.7 
4 32.1 235.5 -0.5885 450 6.9 
5 30.~9 285.5 ....() .5817 400 6.8 
6 31.3 335.5 
"' . 
-0.5817 350 6.7 
7 31.0 385.5 -0.5800 300 6.7 
8 30.6 435.5 -0.5850 250 6.7 
9 29.7 ·485.5 -0.6003 200 6.5 
10 .29.6 535.5 -0.6289 150 5.7; 
11 28.9 585.5 -0.7011 100 5.3 
12 29.8 635.5 -0.7077 50 5.7 
N= 12 371.3 4336.5 -7.3862 3889.5 76.9 
Means 30.9 361.4 -0.6155 324.1 6.4 
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Koy to Geological Seotion, fig. A.1.30 
1 = Lithologioal type '1', ooarse, pebbly ssndstone 
2 = Lithologieal type '2', medium, non-pebbly sandstone 
; = Lithologieal type ';', fine sat.-silt-clayey silt 
;-2 = clayey-sand (between typee '2' and ';', approx. to 
unit '4' of field olassifioation) 
r = red oolouration 
g = green oolouration 
B = mud or olay balls 
f = finer-grained than typc '2' 
o = ooarser-grained than type '2' 
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